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Table A-l. Properties of All Neat Asphalts Studieda
Reference Asphalt CA 77* k'10
P
(i /j")c
dyne / cm^
MW %A
wt/wt
Lau et al(1992)
Ampet AC-20 0.452 2690 25400 - 16.37
Coastal AC-20 0.461 2570 24300 - 23.80
Cosden AC-20 0.462 2080 20400 - 18.81
Exxon AC-20 0.450 2700 26700 - 14.69
Texaco AC-20 0.438 2150 20400 - 23.49
SHRP (1990)
AAA-1 0.497 915 9890 - 21.70
AAC-1 0.431 943 12800 - 15.58
AAD-1 0.734 1332 16000 - 26.32
AAG-1 0.642 1925 23000 - 10.34
AAK-2 0.585 1420 13500 - 23.25
AAM-1 ' 0.434 2230 - - 7.26
Jemison et al(1992)
Coastal AC-20 0.479 2350 - - 23.34
Fina AC-20 0.458 2570 - - 18.51
Adams and Holgreen
Texaco AC-20
(1986)
0.452 2780 22.86
Dickens
Cosden AC-10 0.405 950 9450 1523 -
Cosden AC-20 0.474 1650 16140 1597 -
D.S.C AC-20 0.421 2700 24900 3677 -
Dorchester AC-20 0.396 1850 17100 2069 -
Exxon AC-20 0.499 2200 21700 1669 -
MacMillan AC-20 0.498 2200 19500 2501 -
P ineland
Cosden AC-20 0.493 1860 18200 1503 -
Dorchester AC-20 0.512 1360 13200 1776 -
Exxon AC-20 0.488 2470 25000 1538 -
MacMillan AC-20 0.460 1700 16300 2452 -
Texaco AC-20 0.519 1460 14200 1892 -
Davison et al., (1989)
Bryan
Exxon AC-20 #8 0.460 2130 21200 1621 -
Exxon AC-20 #15 0.447 2130 21200 - -
Exxon AC-20 #16 0.470 1860 18400 - -
Exxon AC-20 #18 0.452 1950 19400 - -
Exxon AC-20 #19 0.450 2020 20200 - -
Exxon AC-20 #1B 0.469 2560 25600 - —
a
- Signifies the values were not determined.
b At 333.3 I<
c At 333.3 K and 10 rad/s
^ D.S. represents Diamond Shamrock
APPENDIX B
CARBONYL FORMATION DATA
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Table B-l. Ampet AC-20 Kinetic Dataa
t
days
0.2 atm** 2 atm15 20 atmc
333.3d
CA
344.4
CA
355.5
CA
333.3
CA
344.4
CA
355.5
CA
333.3
CA
344.4
CA
355.5
CA
2 — — 0.637 — — — — — 0.890
4 - - 0.679 - 0.745 0.917 - - -
5 — — . - 0.764 - - - - 1.046
6 ■ — 0.681 0.698 - - - - 0.941 -
7 - - - - - - 0.752 - -
8 0.712 0.705 0.797 - - - - — -
9 — — — - 0.772 1.014 - — —
10 - - 0.777 - - 1.063 - - -
12 - 0.730 - 0.793 0.882 - - - -
13 - - - - - - - 1.247 1.496
‘14 - - - - - 1.276 - - -
17 - - - - 0.917 - - - -
20 - 0.814 0.975 - 0.927 - 1.017 1.424 1.995
21 - - - 0.902 - 1.468 - - -
24 0.728 - - - - - - - -
27 - - - - - - - - 2.583
28 - 0.821 - 0.925 1.056 - - - -
30 _ - - - - - 1.060 1.697 -
32 0.753 0.882 - - 1.212 - - - -
36 - - - - 1.151 - - - -
40 - - - - 1.262 - - - -
41 0.815 - - - - - - - -
44
'
- - - 0.993 - - - 2.078 -
50 - - - - - - 1.310 - -
57 0.865 - - - - - - - -
58 - - - - - - - 2.436 -
68 - - - 1.237 - - - - -
70 - - - - - - - 2.567 -
72 0.885 - - - - - - - -
76 - - - 1.218 - - - - -
80 0.938 — — — — — — — —
a
- Signifies the values were not determined,
b Exposed surface analysis
c Bulk analysis
^ Units of I\
335
Table B-2. Coastal AC-20 Kinetic Dataa
t
days
0.2 atmb 2 atmb 20 atmc
333.3d
CA
344.4
CA
355.5
CA
333.3
CA
344.4
CA
355.5
CA
333.3
CA
344.4
CA
355.5
CA
2 — — 0.595 — — 0.845 — — 1.037
4 - — 0.710 - 0.793 - - - -
5 - — - 0.823 - 0.894 - - 1.224
6 — — 0.652
■
- - - - 1.138 —
7 - — - - - - 0.992 - -
8 0.595 0.720 0.756 - - - - - —
9 - — - — 0.846 — - - -
10 — - 0.835 - - - - - -
12 - 0.750 - 0.885 0.992 - - - -
13 - - - - - - - 1.386 1.754
14 - - - - - 1.250 - - -
15 - - 0.982 - - - - - -
16 - 0.791 0.773 - - - ~ - -
17 - - - -; 1.104 - - - -
18 - - 0.986 - - - - - -
20 - 0.790 0.918 - - - 1.235 1.682 2.464
21 — — _ 0.890 - 1.570 — — —
23 - - 1.140 - - 1.591 - - -
24 0.710 0.862 - - - - - - -
28 - 0.874 - 0.951 - - - - -
30 - - - - - - 1.326 1.934 -
32 0.815 0.943 - - 1.306 - - - -
36 - 0.974 - 1.049 1.253 - - - -
40 - - - - 1.398 - - - -
41 0.791 0.998 - - - - - - -
44 - - - 1.044 - - - 2.493 -
48 0.797 - - - - - - - -
50 - - - - - - 1.517 - -
52 - - - 1.180 - - - - -
57 0.795 - - - - - - - -
58 - . - - - - - - 2.845 -
60 - - - 1.285 - - - - -
64 0.856 - - - - - - - ■ -
68 - - - 1.161 - - - - -
70 - - - - - 1.753 3.100 -
72 0.873 - - - - - - - -
76 — — — 1.237 — — - —
a
- Signifies the values were not determined.
b Exposed surface analysis
c Bulk analysis
^ Units of K
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Table B-3. Cosden AC-20 Kinetic Dataa
0.2 atm13 2 atm15 20 atmc
t 333.3d 344.4 355.5 333.3 344.4 355.5 333.3 344.4 355.5
days CA CA CA CA CA CA CA CA CA
2 — — 0.646 — — 0.946 — — 1.290
4 - - 0.767 - 0.833 - - - -
5 — - - 0.856 - - - - 1.688
6 - - 0.762 - - 1.006 - - -
7 - - - - - - 1.052 1.468 -
8 0.694 0.763 0.912 - - - - - -
9 — — — - 0.943 1.209 - - —
12 - 0.778 - 0.945 - - - - -
13 - - . - - - - - - 2.385
14 - - - - - 1.375 - 2.020 -
16 0.739 - 1.041 - - - - - -
17 — 0.788 - ■ - 1.088 - - - -
18 — - 1.069 - - 1.426 - - -
20 - 0.822 1.095 - 1.153 - 1.598 - 3.026
21 - - - 1.053 - 1.769 - - -
24 0.831 0.951 - - - - - -
26 - - - - - - - 2.270 -
27 - _ - - - - - - 3.497
30 - - - - - - 1.904 - -
32 0.765 1.015 - - 1.393 - - -
35
36
44
- - - - - - - 2.465 -
1.249 —
48 0.929 - - - - - - - -
50 - - - - - - 2.166 - -
52 - - - 1.318 - - - - -
57 0.917 - - - - - - - -
60 - - - 1.430 - - - - -
64 0.975 - - - - - - - -
70 - - - - - - 2.292 - -
72 1.031 - - - - - - - -
76 - - - 1.487 - - - - -
80 1.027 — — — — — - — —
a
- Signifies the values were not determined,
k Exposed surface analysis
c Bulk analysis
^ Units of K
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Table B-4. Exxon AC-20 Carbonyl Areasa
t
days
0.2 atm*5 2 atmb 20 atmc
333.3d
CA
344.4
CA
355.5
CA
333.3
CA
344.4
CA
355.5
CA
333.3
CA
344.4
CA
355.5
CA
2 — — 0.740 — — 0.871 — — 0.953
4 - 0.745 0.853 - 0.813 - - - -
5 - - - 0.875 - - - - 1.471
6 - - - - 0.918 0.955 - - -
7 - - - - - - 0.949 1.268 -
8 - 0.759 0.966 - - - - - -
9 — — — — - 1.146 - - -
10 - - 1.033 - - - - - -
12 — 0.826 — 0.988 - - - - -
13 — - - - - ■ - - - 1.727
14 — - — - - 1.267 - 1.465 -
16 0.744 0.894 1.089 _ - 1.283 - - -
17 - - - - 1.037 - - - -
18 — - - - - 1.400 - - -
20 - 0.866 1.149 - 1.051 - 1.315 - 2.074
21 - - - 1.009 - - - - . -
23 - - 1.200 - - - - - -
24 0.819 0.922 - - - - - _ -
26 — - - - - - - 1.872 _
27 - - - - - - - - 2.651
28 - 0.889 - 1.032 1.192 - - - -
30 — - - - - - 1.547 - -
32 - 1.033 - - - - - - -
35 - - - - - - - 2.071 -
36 — 0.958 - 1.226 - - - - -
40 - - - - 1.319 - - - -
41 - 1.056 - - - - ~ - -
44 - - - 1.218 - - - - -
48 0.909 - - - - - - - -
50 - - - - - - 1.707 - -
52 - - - 1.314 - - - - -
60 - - - 1.412 - - - - -
68 - - - 1.386 - - - - -
70 - - - - - - 1.775 ■— -
76 - - - 1.426 . - - - - -
80 1.027 — — — — — — — —
a
- Signifies the values were not determined.
b Exposed surface analysis
c Bulk analysis
^ Units of I\
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Table B-5. Texaco AC-20 Kinetic Dataa
0.2 atmb 2 atmb 20 atmc
t 333.3d 344.4 355.5 333.3 344.4 355.5 333.3 344.4 355.5
days CA CA CA CA CA CA CA CA CA
2 — — 0.594 — — 0.747 - 0.731 0.946
4 — 0.617 0.623 - 0.699 - - - -
5 _ — - 0.729 - - - - 1.130
6 — — 0.656 - — 0.927 - 0.973 -
7 - — - - - — 0.782 - -
8 — 0.644 0.722 - - - - - -
9 — — — — 0.809 — - - -
10 — — 0.772 - - - - - -
12 — — — 0.765 0.856 - - - -
13 — — — - - - - 1.247 1.620
14 — — — - - 1.182 - - -
15 - — 0.853 - - - — - -
16 0.560 0.726 0.848 - - - - - -
17 - - - - 0.918 - - - -
18 - - - - 1.172 - - -
20 - - 0.714 0.918 - - - 1.048 1.374 1.985
21 - - - 0.819 - 1.353 - - -
23 - — - - 1.354 - - -
24 0.667 0.726 — - 1.045 - - - -
27 - - - - - - - - 2.363
28 - 0.793 — 0.850 - - - - -
30 - - — - - - 1.195 1.730 -
32 0.622 0.851 - - 1.115 - - - -
36 - 0.896 - 0.912 - - - - -
41 0.716 0.878 - - - - - - -
44 - - - 0.971 - - - 2.002 -
48 0.763 - - - - - - - -
50 - - - - - - 1.364 - -
52 - - - 1.100 - - - - -
58 - - - - - - - 2.315 -
60 - - — 1.011 - - - - -
64 0.766 - — - - - - - -
68 - - — 1.120 - - - - -
70 - - — - - - 1.505 2.687 -
72 0.803 — - - - - - - -
76 - - - 1.132 - - - - -
80 0.815 — — — — — — — —
a
- Signifies the values were not determined.
b Exposed surface analysis
c Bulk analysis
^ Units of K
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Table B-6. Kinetic Data for Asphalts
Aged at 322.2 K and 20 atma
t
days
AC-20 Asphalts
Ampet
CA
Coastal
CA
Cosden
CA
Exxon
CA
Texaco
CA
7 0.752 0.746 0.882 0.832 0.710
21 0.876 0.887 1.042 0.973 0.785
35 0.965 0.940 1.178 1.110 0.855
54 1.081 1.018 1.282 1.199 0.935
72 1.110 1.058 1.311 1.268 —
82 1.144 1.114 1.367 1.292 —
a
- Signifies the values were not determined.
Bulk analysis
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APPENDIX C
OXYGEN DIFFUSION DATA
Table C-l. CA and aT Neat and Aged Asphalts*1
Shift Factor
Asphalt Aging CA ar(273.2) aT(283.2)
xio2
«t(298.2)
xlO4
aT(313.2)
xlO5
Ampet AC-20 Neat 0.452 1.0 5.11 13.7 3.74
RTFO 0.581 1.0 6.09 10.8 3.04
2 d 0.890 1.0 4.28 7.76 1.69
5 d 1.046 1.0 5.22 9.26 1.90
13 d 1.496 1.0 4.10 6.65 1.21
Coastal AC-20 Neat 0.461 1.0 5.34 12.3 3.96
RTFO 0.663 1.0 6.23 11.3 3.42
2 d 1.037 1.0 3.29 5.22 1.23
5 d 1.224 1.0 5.00 8.29 1.90
13 d 1.754 1.0 5.28 7.11 1.32
Cosden AC-20 Neat 0.462 1.0 5.83 11.0 2.87
RTFO 0.637 1.0 5.11 8.96 2.09
2 d 1.290 1.0 9.68 15.7 2.87
5 d 1.688 1.0 6.09 8.11 1.26
13 d 2.385 1.0 0.73 2.82 0.36
Exxon AC-20 Neat 0.450 1.0 6.95 16.1 5.64
RTFO 0.523 1.0 6.36 12.9' 3.74
2 d 0.953 1.0 5.11 9.06 2.27
5 d 1.471 1.0 5.11 8.86 1.79
13 d 1.727 1.0 5.11 8.86 1.64
Texaco AC-20 Neat 0.438 1.0 7.26 20.0 7.68
RTFO 0.595 1.0 6.09 14.1 4.87
2 d 0.946 1.0 4.68 8.67 2.63
5 d 1.130 1.0 5.70 9.26 2.29
13 d 1.620 1.0 5.83 6.95 1.42
a POV conditions 355.5 I\, 20 atm
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Table C-2. CA at the ES and SI for PEc
of 0.2 atm, 1 mm Thick Ampet AC-20a
333.3 K 344.4 K 355.5 K
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 — — — — 0.637 —
4 — — — 0.601 0.679 0.653
6 — — 0.681 - 0.698 0.625
8 0.712 0.520 0.705 - 0.797 0.678
10 — — — - 0.777 0.752
12 — — 0.730 - - 0.793
16 - — — 0.693 - -
20 — — 0.814 0.682 0.975 -
24 0.728 - - 0.730 - -
28 - - 0.821 0.726 - -
32 0.753 0.627 0.822 0.797 - -
36 — - - 0.764 - -
41 0.815 0.610 - 0.850 - -
48 - 0.605 - - - -
57 0.865 - - - -
64 - 0.671 - - - -
72 0.885 - - - - -
80 0.938 — — — —
a
- Signifies the values were not determined
Table C-3. CA at the ES and SI for Prg
of 2 atm, 1 mm Thick Ampet AC-20^
333.3 K 344.'4 K 355.5 I<
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 _ — — — 0.729
4 — — 0.745 0.707 0.917 0.749
5 0.764 — - - - -
8 — — — - 1.014 0.927
9 0.772 - 0.772 - 1.063 -
10 — - - - - -
12 0.882 — 0.882 0.846 - -
14 — - - - 1.276 1.082
17 — - 0.917 - - -
20 — - 0.927 0.904 - -
21 0.902 - - - 1.468 -
23 — - - - - 1.418
24 - - - 1.003 - -
28 0.925 0.878 1.056 0.993 - -
32 — - 1.212 1.101 - -
36 — - 1.151 1.046 - -
40 - - 1.262 1.155 - -
44 0.993 0.948 - - - -
68 1.237 - - - - -
76 1.218 — — — —
a
- Signifies the values were not determined
Table C-4. CA at the ES and SI for Pgo
of 0.2 atm, 1 mm Thick Coastal AC-20^
333.3 K 344,4 I< 355,5 K
t ES SI ES SI ES SI
days CA CA CA CA CA CA •
2 — — — — 0.595 0.534
4
■
— — - 0.632 - -
6 — — — - 0.652 0.589
8 0.595 — 0.720 0.645 0.756 0.660
10 — — - - 0.835 -
12 — — 0.750 0.655 - -
15 — — - - 0.982 -
16 — — 0.791 0.714 - 0.834
18 — — 0.791 0.714 0.986 -
20 — — 0.790 0.719 - 0.888
23 — — - - 1.140 -
24 0.710 0.629 0.862 0.710 - -
28 - - 0.874 0.791 - -
32 0.815 0.660 0.943 0.778 - -
36 - - 0.974 0.801 - -
41 0.791 0.706 0.998 0.S28 - -
48 0.797 0.744 - - - -
57 0.795 - - - - -
64 0.856 0.749 - - - -
72 0.873 0.803 — — — —
a
- Signifies the values were not determined
Table C-5. CA at the ES and SI for Png
of 2 atm, 1 mm Thick Coastal AC-20*
333. 3 K 344.4 K 355,.5 K
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 — — — — 0.845 0.689
4 — - 0.793 0.665 0.894 0.773
5 0.823 - - - - -
6 - - — - - 0.831
9 - - 0.846 - - -
10 — - - - - 0.900
12 0.885 - 0.992 - - —
14 — — - - 1.250 0.967
17 - - 1.104 - - -
18 - - 1.104 - 1.325 1.252
20 - - - 0.936 - -
21 0.890 - - - 1.570 -
23 - - - - 1.591 -
24 - - - 0.910 - -
28 0.951 0.900 - - - -
32 - - 1.306 - - -
36 1.049 0.939 1.253 0.992 - -
40 - - 1.398 - - -
44 1.044 0.966 - - - -
52 1.180 1.057 - - - -
60 1.285 1.047 - - - -
68 1.161 - - - - -
76 1.237 — - — — —
a
- Signifies the values were not determined
Table C-6. CA at the ES and SI for PEc
of 0.2 atm, 1 mm Thick Cosden AC-20®
333.3 K 344.4 I< 355.5 I<
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 _ — — 0.646 0.457
4 _ — — 0.540 0.767 0.569
6 — — — - 0.762 -
8 0.694 - 0.763 0.604 0.912 -
10 — — - - - -
12 — — 0.778 0.672 - -
16 0.739 0.637 - - 1.041 -
17 — — 0.788 - - -
18 — — - - 1.069 -
20 — - 0.822 - 1.095 0.988
24 0.831 0.693 0.951 - - -
28 — — - 0.765 - -
32 0.765 - 1.015 - - -
36 — - - 0.901 - -
41 — 0.717 - 0.936 - -
48 0.929 - - - - -
57 0.917 - - - - -
64 0.975 - - - - -
72 1.031 - - - - -
80 1.027 — — — —
a
- Signifies the values were not determined
Table C-7. CA at the ES and SI for Png
of 2 atm, 1 mm Thick Cosden AC-20*
333.3 K 344,4 I< 355.5 I<
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 — — — — 0.946 —
4 — - 0.833 0.802 - 0.834
5 0.856 - — — - -
6 - - - - 1.006 _
9 — - 0.943 — 1.209 1.083
12 0.945 - - - - -
14 - - - — 1.375 -
16 - - - - - 1.286
17 - - 1.088 - - -
IS - - - - 1.425 -
20 - - 1.153 0.982 - -
21 1.053 0.982 - - 1.769 -
28 - 1.052 - 1.192 - -
32 - - 1.393 - - -
36 - - - 1.161 - -
44 1.249 1.157 - - - -
52 1.318 1.214 - - - -
60 1.430 - - - - -
76 1.487 1.400 — — — —
a
- Signifies the values were not determined
Table C-8. CA at the ES and SI for PEc
of 0.2 atm, 1 mm Thick Exxon AC-20®
333. 3 K 344. 4 K 355.:5 K
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 _ — — — 0.740 -
4 — — 0.745 0.622 0.853 -
8 _ 0.577 0.759 0.650 0.966 0.850
10 — — — — 1.033 0.897
12 — — 0.826 0.667 - -
16 0.744 0.607 0.894 0.749 1.089 0.977
17 — — - 0.747 - -
20 — — 0.866 - 1.149 -
23 — - - - 1.200 -
24 0.819 0.640 0.922 0.783 - -
28 — - 0.889 0.744 - -
32 - - 1.033 - - -
36 - — 0.958 - - -
41 — - 1.056 0.885 - -
48 0.909 0.738 - - ... - -
80 1.027 — — ■ — —
®
- Signifies the values were not determined
Table C-9. CA at the ES and SI for Pvg
of 2 atm, 1 mm Thick Exxon AC-20®
333.3 K 344.4 K 365.5 K
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 — ~ — — 0.871 0.729
4 — — 0.813 - - -
5 0.875 0.765 — - - -
6 — — — — 0.955 0.889
9 — — 0.918 0.891 1.146 0.922
10 — — - - - 1.002
12 0.988 0.872 - 0.973 - -
14 — — - - 1.267 1.105
16 — - - - 1.283 1.134
17 — — 1.037 - - -
18 — — - - 1.400 1.287
20 — - 1.051 0.959 - -
21 1.009 0.948 - - - -
28 1.032 - 1.192 - - -
32 — - - 1.203 - -
36 1.226 1.038 - 1.214 - -
40 - - 1.319 - - -
44 1.218 1.100 - - - -
52 1.314 1.186 - - - -
60 1.412 1.208 - - - -
68 1.387 1.202 - - - -
76 1.426 1.287 - — —
a
- Signifies the values were not determined
Table C-10. CA at the ES and SI for Png
of 0.2 atm, 1 mm Thick Texaco AC-20^
333.3 I< 344.4 K 355.5 I<
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 — — — — 0.594 —
4 — — 0.617 — 0.623 0.574
6 — — — - 0.656 0.569
8 — 0.522 0.644 0.576 0.722 0.635
12 — — — 0.584 - -
15 — — — - 0.853 0.756
16 0.560 0.549 0.726 - 0.848 -
17 - - - 0.583 - -
20 - - 0.714 0.648 0.918 -
24 0.667 0.566 0.726 - - -
28 - - 0.793 0.709 - -
32 0.622 0.597 0.851 - - -
36 - - 0.896 - - -
41 0.716 0.611 0.878 0.782 - -
48 0.763 0.667 - - - -
57 - 0.671 - - - -
64 0.766 0.701 - - - -
72 0.803 - - - - -
80 0.815 — - - —
a
- Signifies the values were not determined
Table C-ll. CA at the ES and SI for P^s
of 2 atm, 1 mm Thick Texaco AC-20a
333.3 K 344.4 K 355.5 I<
t ES SI ES SI ES SI
days CA CA CA CA CA CA
2 — — — 0.747 0.665
4 — — 0.699 0.693 - 0.669
5 0.729 0.619 - - - -
6 — — — - 0.927 0.759
9 — — 0.809 0.782 - -
10 — — - - - 0.801
12 0.765 0.717 0.856 - - -
17 — — 0.918 - - -
IS — — - - 1.172 0.962
20 - - - 0.845 - -
21 0.819 0.777 - - 1.353 -
23 — — - - 1.353 1.222
24 — — 1.045 - - -
28 0.850 0.770 - 1.020 - -
32 - - 1.115 1.045 - -
36 0.912 - - - - -
40 - - - 1.042 - -
44 0.971 - - - - -
52 1.100 - - - - -
60 1.011 0.919 - - - -
68 1.120 - - - - -
76 1.132 1.062 — — — —
a
- Signifies the values were not determined
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FigureC-8.AsofneatandtthESSIf1mmhickfilPOV-agedA p t AC-20at344.4KndPE$of2atm.
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FigureC-9.AsofneatandtthESSI1mmickfilPOV-agedA p AC-20at355.5KndPE$of0.tm.
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FigureC-ll.AsofneatandtthESSI1mmickf lPOV-ag dC sden AC-20at333.3KndPg$of0.tm.
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FigureC-15.AsofneatandtthESSI1mmickfilPOV-agedosden AC-20at355.5KndPg<;of0.tm.
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FigureC-16.AsofneatandtthESSI1mmickfilPOV-agedosden AC-20at355.5KndPE$of2tm.
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FigureC-17.AsofneatandtthESSI1mmickfilPOV-agedxxon AC-20at333.3KndPg$of0.tm.
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FigureC-19.AsofneatandtthESSIf1mmhickfilPOV-agedxxon AC-20at344.4KndPE$of0.atm.
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FigureC-20./lsofneatandtthESSI1mmhickfilPOV-agedxxon AC-20at344.4KndPE$of2atm.
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407
CARBONYLAREA
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TableC-12.MeasurednEstimatPA0 forAllPOV-AgingConditionsStudie a
AmpetC-20
CoastalAC-20
CosdenAC-20
ExxonAC-20
TexacoAC-20
P
atm
CA0 CA
P
atm
CA0 CA
P
atm
CAo CA
P
atm
CAo CA
P
atm
CA0CA
MeasuredES
0.2
0.643
0.2
0.611
0.2
0.651
0.2
0.726
0.2
0.560
2
0.716
2
0.764
2
0.805
2
0.815
2
0.697
20
0.766
20
0.935
20
1.242
20
1.018
20
0.818
EstimatedSI
0.0673
0.514
0.149
0.555
0.0331
0.603
0.175
0.543
0.123
0.494
0.115
0.576
0.0345*
0.605*
0.013
0.518
0.107
0.606
0.122
0.504
0.161
0.554
0.0789
0.485
-
-
0.0776*
0.735*
0.170
0.486
0.393*
0.756*
0.925
0.754
0.937
0.832
1.090
0.781
1.380
0.627
0.857
0.686
0.407
0.661
0.363
0.759
1.160
0.786
0.570*
0.671*
1.800
0.633
1.105*
0.626*
1.480
0.709
1.860
0.668
1.280
0.584
a -Signifiesvaluewereotdetermin d *DataremovedfroparameterestimationinFigurV-11
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FigureC-31.omparisonsbetweenmeasuredandc lculatAthESSI of1mmthickPOV-agedA p tC-20at344.4KndE$f0. atm.
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CARBONYLAREA FigureC-32.omparisonsbetweenmea uredndc lculatAthESSI of1mmthickPOV-agedA p tC-20t344.4KandE$f2t .
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CARBONYLAREA FigureC-33.omparisonsbetweemea ur dandcalculat dAthESSI of1mmthickPOV-agedAmp tC-20at355.5KndE$f0. atm.
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FigureC-35.omparisonsbetwemea uredndcalculatedAthESSI of1mmthickPOV-agedCoastalAC-20t333.3KnEc;f0. atm.
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FigureC-36.omparisonsbetweemeasuredandcalc latedAthESSI of1mmthickPOV-agedCoastalAC 20t333.3Kandgg2t .
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FigureC-37.omparisonsbetweemeasuredandcalculatAthESnSI of1mmthickPOV-agedCoastalAC-20t344.4Kndf0. atm.
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FigureC-39.omparisonsbetweemea ur dandc lculateAthESSI of1mmthickPOV-agedCoastalAC-20t355.5Kn gf0. atm.
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FigureC-40.omparisonsbetweenmea ur dandcalculateAthESnSI of1mmthickPOV-agedCoastalAC-20t355.5Kndf2t .
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FigureC-41.omparisonsbetweemea ur dandcalculatAthESnSI of1mmthickPOV-agedCosdenAC 20at333.3Kndof0.2 atm.
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FigureC-42.omparisonsbetweemeasuredandcalc latAthESandSI of1mmthickPOV-agedCosdenAC 20at333.3Kndjp§f2tm.
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FigureC-43.Comparisonsbetweeme suredandcalculatedAthESSI of1mmthickPOV-agedCosdenAC 20at344.4KndP0. atm.
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FigureC-45.omparisonsbetweemeasur dandcalculatAthESSI of1mmthickPOV-agedCosdenAC-20at355.5Knd$0. atm.
429
CARBONYLAREA
105 TIMEDAYS
20
25
FigureC-46.omparisonsbetweemeasu edandcalculatedAthESSI of1mmthickPOV-agedCosdenAC 20at355.5Knd2tm.
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FigureC-47.omparisonsbetweemeasu edandcalc latAthESSI of1mmthickPOV-agedExxonAC 20at333.3Knd0. atm.
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FigureC-48.omparisonsbetweemeasuredandcalculatAthESSI of1mmthickPOV-agedExxonAC-20at333.3KndE$f2t .
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FigureC-49.omparisonsbetweemeasur dandcalculateAthESSI of1mmthickPOV-agedExxonAC 20at344.4KndE$f0. atm.
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FigureC-50.omparisonsbetweemeasu edandcalc latAthESSI of1mmthickPOV-agedExxonAC 20at344.4Kndf2tm.
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FigureC-51.omparisonsbetweemeasur dandcalculatAthESSI of1mmthickPOV-agedExxonAC-20at355.5Knd$0. atm.
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FigureC-52.omparisonsbetweemeasuredandcalculatAthESSI of1mmthickPOV-agedExxonAC 20at355.5KndEg2tm.
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APPENDIX D
OXYGEN DIFFUSION PROGRAMS
c****************************************************************************
c
This program estimates the diffusivity lor 1-dimensional
steady-state constant diffusivity oxygen diffusion
eovd reaction.
c
c
c
c
c****************************************************************************
c
integer n
parameter (n=2)
c
integer num, i, kount, kmax
real*4 t, tend, tol, y(n), kp, length, rl, step
real*4 conv, corr, deldiff, ratio, b, analdif, slpm
real*4 fl, f2, f3, diffl, diff2, diff3, eps, p_es
real*4 stepp, p_si, alpha, c, diff, difgues, temp
character*8 asphalt
character*12 outputfile, datafile, sumfile
common /blocka/ conv, alpha, diff
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
write(*,*) ' Enter your output file name'
read(*,'(a)') outputfile
write(*,*) 'Enter your data file name'
read(*,'(a)') datafile
write(*,*) 'Enter you summary file name'
read(*,’(a)’) sumfile
c
open(8,file=datafile ,status=’old')
openC9,file=outputfile ,status='unknown')
open(unit=10,file=sumfile ,status='unknown’)
c
c = 6.56e-4
rl = 82.057
kmax = 50
c
read(8,*) alpha
read(8,*) deldiff
read(8,*) eps, tol
read(8,*) length, step, stepp
corr = length*(1.0 - (1.0/step))
c
write(10,1031) alpha
read(8,*) num
do 20 i = 1, num, 1
read(8,’(a)') asphalt
read(8,*) p_si, P-es
read(8,*) kp, temp
read(8,*) slpm
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conv = c*rl*temp*kp*(l./24.)*(1./3600.)
These lines have been added to study the sensitivity of
diffusivity with respect to changes in p_si
p_si = p_si*(1.0 + 0.40)
ratio = (p_es/p_si)
b = (1.0/length)*log(ratio + sqrt((ratio**2) - 1.0))
analdif = (conv/(b**2))
Guess a diffusivity
difgues = 1.0e-4
diff = difgues
write(9,1000) asphalt, p_si, p_es, kp, temp, diff
write(9,1001) conv, ratio, b, analdif, slpm
kount = 0
call search (difgues, deldiff, diffl, diff2, fl,
+ f2, kount, n)
The root is bounded
call regfal (diffl, diff2, fl, f2, diff3, f3,
+ eps, kount, kmax, n)
The root is found
write(9,1020) kount, diff3, analdif, f3
write(10,1030) asphalt, p_es, temp, diff3
20 continue
c
1000 format(' ',4x,'file = ' ,a8,
+ /,5x,’P_si = ',fl0.3,' atm',
+ /,5x,'P_es = ',fl0.3,' atm’,
+ /,5x,’kp = ',lpel0.4,' CA/day atnTalpha' ,
+ /,5x,'temp = ',0pfl0.1,' K',
+ /,5x,'guess diff = '.lpelO.4,' nT2/s')
1001 format(' ',4x,’conv = ',lpel0.4,' atm“ (alpha- l)/s ’ ,
+ /,5x,'ratio = ',610.4,* dimensionless',
+ /,5x,'b = ',el0.4,' m“-l',
+ / , 5x, ' caldif =',el0.4,' nT2/s',
+ /,5x,'slpm =’,0pfl0.4,’ atm/m',/)
1020 format(' ',4x,'Number of integrations = ',i3,
+ /,5x,'diff = ’,lpel0.4,' m~2/s',
+ /,5x,'analdiff = ',lpel0.4,' nT2/s’,
+ /,5x,'f3 = ’,lpell•4,' m',/)
1031 format(' ',2x,'ASPHALT',7x,'Pressure',2x,'Temperature',
+ 2x,'Diffusivity',/,
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+ 20x,'alpha = * ,fl0.4,/)
1030 format(’ ',5x,a8,5x,f5.2,5x,fS.1,5x,IpelO.4)
c
stop
end
c
C*** * ******************************************* ate * ******** ********* «**** * * ***
C
subroutine search (difgues, deldiff, diffl, diff2, fl,
+ f2, kount, n)
integer iflag, kount, h
real*4 t, y(2), x_f, p_f, z(2), deldiff, diffl
real*4 diff2, fl, f2, length
real*4 conv, alpha, diff
real*4 step, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, diff
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
c set the initial conditions
c
diff = difgues
iflag = 0
t = 0.0
y(l) = p_si
y(2) =0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f = y(l)
P = P-f
z(l) = x_f
z(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
f1 = -(length - z(l))
goto 55
endif
fl = p_es - y(l)
c
55 continue
kount = kount +1
diffl = diff
50 diff = diff/deldiff
iflag =0
t = 0.0
y(l) = p_si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
P_f = yd)
P = P_f
z(i) = X_f
z(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
f2 = -(length - z(l))
goto 65
endif
f2 = p_es - y(l)
c
65 kount = kount + 1
diff2 = diff
c
c check to see that the root is bounded
c
ifC(fl*f2).gt.0.0) then
diffl=diff2
diff=diff1
f l=f 2
goto 50
endif
return
end
c
c
subroutine regfal (diffl, diff2, fl, f2, diff3, f3,
+ eps, kount, kmax, n)
c
integer iflag, kount, kmax, n
real*4 diffl, diff2, diff3, fl, f2, f3, eps, diff
real*4 y(2), t, z(2), p, tend, pend, p_f, x_f
real*4 conv, alpha, step, length, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, diff
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
60 diff3 = (diffI*f2-diff2*fl)/(f2-fl)
diff = diff3
c
iflag =0
t = 0.0
y(l) = p_si
y (2) = 0.0
call kevinl (t, tend, n, y» iflag)
c
if(iflag.eq.1) then
x_f = tend
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P_f = y(l)
P = p.f
2(1) = x_f
2(2) = l/y(2)
call kevin2 (p, pend, n, z, iflag)
f3 = -(length - z(l))
p_cal = pend
goto 65
endif
c
f3 = p_es - y(l)
c
65 kount = kount+1
c
if(abs(f3).ge.eps) then
if(kount.ge.kmax) then
goto 70
endif
if((fl*f3).le.0.0) then
diff2=diff3
f2=f3
goto 60
endif
diffl=diff3
f l=f3
goto 60
endif
c
70 continue
c
c The root has been found
c
return
end
c
c****************************************************************************
c
subroutine kevinl (t, tend, n, y, iflag)
c
integer n, ido, istep, iflag
real*4 t, y(n), param(50), tend, step, corr
real*4 tol, length, slpm, thold, ylhold, y2hold
common /blockb/ step, length, corr, tol, slpm
c
external sset, ivprk, equationl
call sset (50, 0.0, param, 1)
ido = 1
istep = 0
c
10 continue
istep = istep+1
ctend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
if(tend.It.corr) then
if(y(2).gt.slpm) then
iflag =1
istep = istep+1
tend = (float(istep)/step)^length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float (istep)/step)^length
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
return
endif
goto 10
endif
c
istep = istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
return
end
c
c****************************************************************************
c
subroutine kevin2 (p, pend, n, z, iflag)
c
integer n, ido, istep, iflag
real*4 p, z(n), parson(50), pend, stepp, corrp
real*4 phold, zlhold, z2hold
real*4 tol, slpm, pstar, p_f, p_es, corr
real*4 length, step, p_si
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
external sset, ivprk, equation2
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call sset (50, 0.6, param» 1)
p_f = p
ido =1
istep =0
pstar = (p_es - p__f)
corrp = pstar*(1.0 - (1.0/stepp)) + P-f
c
10 continue
istep = istep+1
pend = (float(istep)/stepp)*pstar + P^f
call ivprk(ido, n, equation2, p, pend, tol, param, z)
c
if(pend.It.corrp) then
goto 10
endif
c
istep = istep + 1
pend = (float(istep)/stepp)*pstar + P_f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
phold = pend
zlhold = z(l)
z2hold = z(2)
ido=3
pend = (float(istep)/stepp)*pstar + p^f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
pend = phold
z(l) = zlhold
z(2) = z2hold
return
end
c
c***************c*************************************************************
c
subroutine equationl (n, t, y, yprime)
c
integer n
real*4 t, y(n), yprime(n)
real*4 conv, alpha, diff, term2
common /blocka/ conv, alpha, diff
c
yprime(1) = y(2)
term2 = conv*(y(l)**alpha)
yprime(2) = (1.0/diff)*(term2)
return
end
c
c****************************************************************************
c
subroutine equation2 (n, p, z, zprime)
c
integer n
real*4 p, z(n), zprime(n)
real*4 conv, alpha, diff, term2
common /blocka/ conv, alpha, dill
zprime(l) = z(2)
term2 = conv*(p**alpha)
zprime(2) - -(term2/diff)*(z(2)**3)
return
end
c****************************************************************************
c
c This program calculates the oxygen pressure profile
c for steady-state constamt diffusivity
c oxygen diffusion and reaction
c
c****************************************************************************
c
integer n
parameter (n=2)
c
integer num, i, kount, kmax
real*4 t, tend, tol, y(n), kp, length, rl, step
real*4 conv, corr, slpm
real*4 eps, p_es
real*4 stepp, p_si, alpha, c, diff, temp
character*8 asphalt
character*12 outputfile, datafile
common /blocka/ conv, alpha, diff
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
write(*,*) 'Enter your output file name'
readC*,'(a)') outputfile
write(*,*) 'Enter your data file naune'
read(*,'(a)') datafile
c
open(8,file=datafile ,status='old')
open(9,file=outputfile ,status='unknown*)
c
c = 6.56e-4
rl = 82.057
kmax =50
c
read(8,*) alpha
read(8,*) eps, tol
read(8,*) length, step, stepp
corr = length*(1.0 - (1.0/step))
c
write(9,1031) alpha, eps, tol, length, step, stepp
read(8,*) num
c
do 20 i = 1, num,1
read(8,’(a)') asphalt
read(8,*) p_si, p_es
read(8,*) kp, temp
read(8,*) slpm
read(8,*) diff
conv = c*rl*temp*kp*(l./24.)*(1./3600.)
write(9,1000) asphalt, p_si, p_es, kp, temp, diff
write(9,1001) conv, slpm
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call kevin (i,n)
20 continue
c
c****************************************************************************
c
1000 format(* *,4x,’file = *,a8,
+ /,5x,’P_si = *,fl0.3,* atm*,
+ /,5x,*P_es = *,fl0.3j* atm’,
+ /,5x,*kp = *,lpel0.4,’ CA/day atm“alpha*,
+ /,5x,*temp = *,0pfl0.1,* K*,
+ /,5x,’guess diff = *,lpel0.4,* nT2/s*)
1001 format(* *,4x,*conv = *,lpel0.4,* atm*(alpha-1)/s*,
+ /,5x,*slpm =*,0pfl0.4,* atm/m’,/)
1031 formatC* *,4x,*alpha = *,fl0.4,* dimensionless*,
+ /,5x,*tol = *,lpel0.4,* dimensionless*,
+ /,5x,’eps = *,el0.4,* dimensionless’,
+ /,5x,*length = *,el0.4,* m’,
+ /,5x,*step = *,0pf5.1,* dimensionless*,
+ /,5x,*stepp = *,fS.l,* dimensionless*,/)
c
stop
end
c
c****************************************************************************
c
subroutine kevin (i,n)
c
integer iflag, n, i
real*4 t, y(2), x_f, p_f, z(2)
real*4 length
real*4 conv, alpha, diff
real*4 step, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, diff
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
c set the initial conditions
c
write(9,1800) i
1800 format(* *,5x,i3,/)
iflag =0
t = 0.0
y(l) = p_si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f = yd)
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p = p_f
z(l) = x_f
2(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
endif
c
return
end
c
************************************************************************
c
subroutine kevinl (t, tend, n, y, iflag)
c
integer n, ido, istep, iflag
real*4 t, y(n), parson(50) , tend, step, corr
real*4 tol, length, slpm, thold, ylhold, y2hold
common /blockb/ step, length, corr, tol, slpm
c
external sset, ivprk, equationl
call sset (50, 0.0, param, 1)
ido = 1
istep = 0
c
write(9,2000) t, y(l)
c
10 continue
istep = istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
write(9,2000) tend, y(l)
if(tend.lt.corr) then
if(y(2).gt.slpm) then
iflag = 1
istep = istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
return
endif
goto 10
endif
c
istep = istep+1
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tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
write(9,2000) tend, y(2)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
c
2000 format(' * ,5x,lpelO.4,J , ',el0.4)
c
return
end
c
c****************************************************************************
c
subroutine kevin2 (p, pend, n, z, iflag)
c
integer n, ido, istep, iflag
real*4 p, z(n), param(50), pend, stepp, corrp
real*4 phold, zlhold, z2hold
real*4 tol, slpm, pstar, p_f, p_es, corr
real*4 length, step, p_si
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
external sset, ivprk, equation2
call sset (50, 0.0, param, 1)
P-f = P
ido = 1
istep =0
pstar = (p_es - p_f)
corrp = pstar*(1.0 - (1.0/stepp)) + p_f
write(9,3000) z(l), p_f
c
10 continue
istep = istep+1
pend = (float(istep)/stepp)*pstar + p_f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
write(9,3000) z(l) , pend
if(pend.It.corrp) then
goto 10
endif
c
istep = istep + 1
pend = (float(istep)/stepp)*pstar + p_f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
write(9,3000) z(l), pend
phold = pend
zlhold = z(l)
z2hold = z(2)
ido=3
pend = (float(istep)/stepp)*pstar + p_f
call ivprk (ido, n, equation2, P» pend, tol, pareon, z)
pend = phold
z(l) = zlhold
z(2) = z2hold
c
3000 format(’ ’,5x,lpel0.4,’ , ’ei0.4)
c
return
end
c
c****************************************************************************
c
subroutine equationl (n, t, y, yprime)
c
integer n
real*4 t, y(n), yprime(n)
real*4 conv, alpha, diti, term2
common /blocka/ conv, alpha, diff
c
yprime(l) = y(2)
term2 = conv>t'(y(l)**alpha)
yprime(2) = (1.0/diff)*(term2)
return
end
c
c****************************************************************************
c
subroutine equation2 (n, p, z, zprime)
c
integer n
real*4 p, z(n), zprime(n)
real*4 conv, alpha, diff, term2
common /blocka/ conv, alpha, diff
c
zprime(l) = z(2)
term2 = conv*(p**alpha)
zprime(2) = -(term2/diff)*(z(2)**3)
return
end
c****************************************************************************
c
c This calculates the optimum "a" for the model
c
c D = an~-B
c
c for steady-state variable diffusivity oxygen diffusion
c and reaction. The constant "B" is fixed,
c
c****************************************************************************
c
integer n
parameter (n=2)
c
integer numa, numt, i, j, kount, kmax
real*4 t, tend, tol, y(n), kp, length, rl, step
real*4 conv, corr, dela, slpm, time
real*4 fl, f2, f3, adifl, adif2, adif3, eps, p_es
real*4 stepp, p_si, alpha, c, adif, adifgues, temp
real*4 hs, m, s, beta
character*8 asphalt
character*12 outputfile, datafile, sumfile
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
common /blocke/ s, beta, m, hs, bdif, time, kp
c
write(*,*) 'Enter your output file name'
read(*,'(a)') outputfile
write(*,*) 'Enter your data file name'
read(*,'(a)') datafile
writeC*,*) 'Enter your summary file name'
read(*,'(a)') sumfile
c
open(8,file=datafile ,status=’old')
open(9,file=outputfile ,status='unknown')
open(unit=10,file=sumfile ,status='unknown')
c
c = 6.56e-4
rl = 82.057
kmax = 20
read(8,*) alpha
read(8,*) dela
read(8,*) eps, tol
read(8,*) length, step, stepp
corr = length*(1.0 - (1.0/step))
read(8,*) numa, numt
read(8,*) beta, s
read(8,*) bdif
write(9,900) alpha, dela, eps, tol, length, step, stepp
write(9,950) numa, numt, beta, s
cdo 20 i = 1, numa,1
read(8,'(a)’) asphalt
read(8,*) p_si, p_es
read(8,*) kp, temp
read(8,*) hs, m
m = log(m)
conv = c*rl*temp*kp*(l./24.)*(1./3600.)
write(9,1000) asphalt, p_si, p_es, kp, temp, hs, m, conv
c
do 30 j = 1, numt,1
read(8,*) time, slpm
write(9,1001) time, slpm
c
c guess an adif of 1.0e-4
c
adifgues = 1.0e-4
adif = adifgues
kount = 0
call search (adifgues, dela, adifl, adif2, fl,
+ f2, kount, n)
c
c The root is bounded
c
call regfal (adifl, adif2, fl, f2, adif3, f3,
+ eps, kount, kmax, n)
c
c The root is found
c
write(9,1020) kount, time, adif3, f3
write(10,1030) asphalt, time, adif3, kount
30 continue
20 continue
c
c****************************************************************************
c
900 format(' ',4x,'alpha = ’,fl0.4,' dimensionless',
+ /,5x,'dela = ',fl0.4,' dimensionless',
+ /,5x,'eps = ',lpel0.4,' dimensionless',
+ /,5x,'tol = ',el0.4,' dimensionless',
+ /,5x,'length = ’,el0.4,' m’,
+ /,5x,'step = ',0pfl0.4,' dimensionless',
+ /,5x,'stepp = ',fl0.4,' dimensionless',/)
950 format(' ',4x,'numa = ’,i3,' dimensionless’,
+ /,5x,'numt = ',i3,' dimensionless’,
+ /,5x,'beta = ',lpel0.4,' dimensionless',
+ /,5x,'s =’,el0.4,’ ca/atm~beta',/)
1000 format(’ ’,4x,’file = ’,a8,
/,5x,'P_si = ’,fl0.3,' atm’,
/,5x,’P_es = ',fl0.3,' atm’,
/,5x,’kp = ',lpel0.4,' CA/day atm“alpha',
+
+
+
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+ /,5x,*temp = '.OpllO.l,* K*.
+ /,5x,’hs = *,110.4,* log(vis)/CA’,
+ /,5x,’m = *,fl0.4,* logCvis)’,
+ /,5x,*conv = *,lpel0.4,* atm* (alpha-1)/s* ,/)
1001 format(J ’,4x,*time = ’,110.4,’ days*,
+ /,5x,’slpm =*,110.4,* atm/m*,/)
1020 format(* *,4x,'Number of integrations = *,i3,
+ /,5x,’time = *,fl0.4,* days*,
+ /,5x,*adif = *,lpel0.4,* m“2/s*,
+ /,5x,*f3 = *,ell.4,* m’,/)
1030 formatC’ ’,4x,a8,3x,f5.I,7x,lpel0.4,5x,i3)
c
stop
end
c
c****************************************************************************
c
c
c
c
c
c
subroutine search eadifgues, dela, adifl, adif2, fl,
+ f2, kount, n)
integer iflag, kount, n
real*4 t, ye2), x_f, p_f, ze2), dela, adifl
real*4 adif2, fl, f2, length
real*4 conv, alpha, adif
real*4 step, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es,. stepp, p_si
set the initial conditions
adif = adifgues
iflag = 0
t = 0.0
yei) = p_si
y{2) = 0.0
call kevinl et, tend, n, y, iflag)
ifeiflag.eq.1) then
x_f = tend
p_f = yei)
P = P-f
zeo = x_f
ze2) = l/ye2)
call kevin2 ep, pend, n, z, iflag)
fl = -eiength - zeD)
goto 55
endif
fl = p_es - yei)
c
454
55 continue
kount = kount + 1
adifl = adif
c
50 adif = adif/dela
iflag =0
t = 0.0
y(l) - p_si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f - y(D
p = p_f
z(1) = x_f
z(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
f2 = -(length - z(l))
goto 65
endif
c
f2 = p_es - y(l)
65 kount = kount + 1
c
adif 2 = adif
c
c check to see that the root is bounded
c
if((fl*f2).gt.0.0) then
adifl=adif2
adif=adifl
f l=f2
goto 50
endif
return
end
c
c****************************************************************************
c
subroutine regfal (adifl, adif2, fl, f2, adif3, f3,
+ eps, kount, kmax, n)
c
integer iflag, kount, kmax, n
real*4 adifl, adif2, adif3, fl, f2, f3, eps, adif
real*4 y(2), t, z(2), p, tend, pend, p_f, x_f
real*4 conv, alpha, step, length, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
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c
60 adif3 = (adifl*f2-adif2*fl)/(f2-11)
adif = adif3
iflag = 0
t = 0.0
y(l) = p_si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f = y(l)
P = P-*
z(l) = x_f
z(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
f3 = -(length - z(l))
goto 65
endif
f3 = p_es - y(l)
c
65 kount = kount+1
if(abs(f3).ge.eps) then
if(kount.ge.kmax) then
goto 70
endif
if((fl*f3).le.0.0) then
adif2 = adif3
f 2 = f3
goto 60
endif
adifl = adif3
f l=f 3
goto 60
endif
c
70 continue
c
c The root has been found
c
return
end
c
c
subroutine kevinl (t, tend, n, y, iflag)
c
integer n, ido, istep, iflag
real*4 t, y(n), param(50), tend, step, corr
real*4 tol, length, slpm, thold, ylhold, y2hold
common /blockb/ step, length, corr, tol, slpm
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external sset, impark, eq»ati©®il
call sset (50, 0.0. paxam, 1)
id© = i
istep = O1
c
10 continue:
istep' = istep*1
tend = (float ( istep)/step)*leqgtb
call ±vprk(ido» m, equation!, t, tol, param, y)
c
if (tend.. It .corx) them
if(y(2)-gt.slpm) them
ifiag = 1
istep = istep*1
tend = (float(istep) /atel*)^length
call ivprk(ido, m, equation!,, t, tend, toil, paraim, y)
thold. = tend
ylhold = y(l)
y2hold = y(2)
id©' = 3
tend = (floatCistep)/step)*lengtk
call ivprk(ido, n, equation!, t, tend, tol, parain, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
return
endif
got©' 10
endif
c
istep = istep+1
tend = (float ( istep)/step)*lengtk
call ivprk (ido, m, equation! „ t, tend, tol, paxam, y)
thold = tend
ylhold = y(l)
y2tiold = y(2)
ido = 3
tend = (float(istep)/step)*1ength
call ivprk(ido, m, equation!, t, tend, tol, param, y)
tend = thold
y (1) = ylhold
y(2) = y2hold
return
end
c
C*****-***********************.#*.********.**.#*#**:#********#*************#*******
c
subroutine kevin2 (p, pend, n, z, ifiag)
c
integer m, ido, istep, ifiag
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real*4 p, z(n) , parsonC50), pend, stepp, corrp
real*4 tol, slpm, pstax, p_f, p_es, corr
real*4 phold, zlhold, z2hold
real*4 length, step, p_si
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
external sset, ivprk, equation2
call sset (50, 0.0, parson, 1)
p_f = p
ido = 1
istep = 0
pstar = (p_es - p_f)
corrp = pstar*(1.0 - (1.0/stepp)) + p_f
c
10 continue
istep = istep+1
pend = (float(istep)/stepp)*pstar + p_f
call ivprk(ido, n, equation2, p, pend, tol, parson, z)
if(pend.It.corrp) then
goto 10
endif
istep = istep + 1
pend = (float(istep)/stepp)*pstar + p_f
call ivprk (ido, n, equation2, p, pend, tol, parson, z)
phold = pend
zlhold = z(l)
z2hold = z(2)
ido=3
pend = (float(istep)/stepp)*pstar + p_f
call ivprk (ido, n, equation2, p, pend, tol, parson, z)
pend = phold
z(l) = zlhold
z(2) = z2hold
return
end
c
c****************************************************************************
c
subroutine equationl (n, t, y, yprime)
c
integer n
real*4 t, y(n), yprime(n)
real*4 conv, alpha, adif, term2, diff
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real*4 terml
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
cal = kp*(y(l)**alpha)*time
ca2 = s*(y(l)**beta)
ca = cal + ca2
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
cap = ((alpha*cal)+(beta*ca2))/y(l)
diffp = bdif*hs*diff*cap
c
yprime(l) = y(2)
terml = diffp*(y(2)**2)
term2 = conv*(y(l)**alpha)
yprime(2) = -(1.O/diff)*(terml - term2)
return
end
c
c****************************************************************************
c
subroutine equation2 (n, p, z, zprime)
c
integer n
real*4 p, z(n), zprime(n), diff
real*4 conv, alpha, adif, term2
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real*4 term3
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
cal = kp*(p**alpha)*time
ca2 = s*(p**beta)
ca = cal + ca2
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
cap = ((alpha*cal)+(beta*ca2))/p
diffp = bdif*hs*diff*cap
c
zprime(l) = z(2)
term3 = conv*(p**alpha)
zprime(2) = (1/diff)*(diffp*z(2) - term3*(z(2)**3))
return
end
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c a|c ** * * *** ****4c** 4c* 4c* * ** 4c ** 4c 4c********* ********* * ***** * * ** * * * ***** ** * * *** ** ***
C
Calculates the oxygen pressure profile in the asphalt
film based on the optimum parameter "a"
in the model
D = an~-B
for steady-state variable diffusivity oxygen
diffusion and reaction
c
c
c
c
c
c
c
c
c
c****************************************************************************
integer n
parameter (n=2)
integer numa, numt, i, j
real*4 t, tend, tol, y(n), kp, length, rl, step
real*4 conv, corr, slpm, time
real*4 p_es, eps
real*4 stepp, p_si, alpha, c, adif, temp
real*4 hs, m, s, beta
character*8 asphalt
character*12 outputfile, datafile
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
common /blocke/ s, beta, m, hs, bdif, time, kp
write(*,*) 'Enter your output file name'
read(*,'(a)') outputfile
write(*,*) 'Enter your data file name'
read(*,'(a)') datafile
open(8,file=datafile ,status='old')
open(9,file=outputfile ,status='unknown')
c - 6.56e-4
rl = 82.057
kmax = 50
read(8,*) alpha
read(8,*) eps, tol
read(8,*) length, step, stepp
corr = length*(1.0 - (1.0/step))
read(8,*) numa, numt
read(8,*) beta, s
read(8,*) bdif
write(9,900) alpha, eps, tol, length, step, stepp
write(9,950) numa, numt, beta, s, bdif
do 20 i = 1, numa, 1
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30
20 continue
read(8,'(a)') asphalt
read(8,*) p_si, p_es
read(8,*) kp, temp
read(8,*) hs, m
m = log(m)
conv = c*rl*terap*kp*(l./24.)*(1./3600.)
write(9,1000) asphalt, p_si, p_es, kp, temp, hs, m, conv
do 30 j = 1, numt, 1
read(8,*) time, slpm, adif
write(9,1001) time, slpm, adif
call kevin (j, n)
continue
c****************************************************************************
c
,4x,'alpha = ',fl0.4,' dimensionless',
eps = ',lpel0.4,' dimensionless',
tol = ',el0.4,' dimensionless',
length = ',el0.4,' m’,
step =',0pfl0.4,' dimensionless',
stepp =',fl0.4,' dimensionless',/)
4x,'numa = ',i3,' dimensionless',
numt = ',i3,' dimensionless',
beta = *,lpel0.4,' dimensionless',
s = ’,el0.4,’ ca/atm“beta',
bdif = ',ell.3,' dimensionless',/)
4x,'file = ’,a8,
’P_si = ',fl0.3,' atm',
'P_es = ’,fl0.3,' atm',
'kp = ',lpel0.4,' CA/day atm~alpha',
'temp = ',0pf10.1,' K’,
'hs = ',fl0.4,' log(vis)/CA',
'm = ',fl0.4,' log(vis)',
'conv = ',lpel0.4,' atm“(alpha-1)/s',/)
4x,'time = ',fl0.4,' days',
slpm = ',f10.4,' atm/m’,
adif = ',lpel0.4,’ m~2/s',/)
900 format(' '
+ /,5x,
+ /,5x,
+ /,5x,
+ /,5x,
+ /,5x,
950 format(' '
+ /,5x,
+ /,5x,
+ /,5x,
+ /,5x,
1001 format(' '
+ /,5x,
+ /,5x,
( ) , ,'fil
/ 5x ,’
/ 5x ,'
/ 5x ,'
/ 5x ,'t
/ 5x £ (0 it
/ 5x ,' =
/ 5x ,' =
stop
end
c****************************************************************************
c
subroutine kevin (j, n)
c
integer iflag, n, j
real*<4 t, y(2) , x_f , p^f, z(2)
real*4 length, adif
real*4 conv, alpha
real*4 step, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
c set the initial conditions
c
write (9,1100) j
1100 format (’ V,4x,i3,/)
c
iflag = 0
t = 0.0
y(l) = p_si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f = y(1)
P = P-*
z(l) = x_f
z(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
goto 55
endif
c
55 continue
return
end
c
c****************************************************************************
c
subroutine kevinl (t, tend, n, y, iflag)
c
integer n, ido, istep, iflag
real*4 t, y(n), param(50), tend, step, corr
real*4 tol, length, slpm, thold, ylhold, y2hold
common /blockb/ step, length, corr, tol, slpm
c
external sset, ivprk, equationl
call sset (50, 0.0, param, 1)
c
ido = 1
istep - 0
write(9,2000) t, y(l)
c
10 continue
istep = istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
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write(9,2000) tend, y(l)
c
if(tend.It.corr) then
if(y(2).gt.slpm) then
iflag = 1
istep = istep+1
tend = (float(istep)/step)^length
call ivprkCido, n, equationl, t, tend, tol, param, y)
thold = tend
ylhold = y(1)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)^length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
tend = thold
y(l) - ylhold
y(2) = y2hold
return
endif
goto 10
endif
c
istep = istep+1
tend = (float(istep)/step)*length
call ivprkCido, n, equationl, t, tend, tol, param, y)
writeC9,2000) tend, yCl)
thold = tend
ylhold = yCl)
y2hold = yC2)
ido = 3
tend = CfloatCistep)/step)^length
call ivprkCido, n, equationl, t, tend, tol, param, y)
tend = thold
yCl) = ylhold
yC2) = y2hold
c
2000 formatC' ',5x,lpel0.4,1 , ',lpel0.4)
return
end
c
c****************************************************************************
c
subroutine kevin2 Cp, pend, n, z, iflag)
c
integer n, ido, istep, iflag
real*4 p, zCn), paramC50), pend, stepp, corrp
real*4 tol, slpm, pstar, p_f, p_es, corr
real*4 phold, zlhold, z2hold
real+4 length, step, p_si
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
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external sset, ivprk, equation2
call sset (50, 0.0, param, 1)
c
P-f = P
ido = 1
istep = 0
pstar = (p_es - p_f )
corrp = pstar*(1.0 - (1.0/stepp)) + P»f
write(9,3000) z(l), p
c
10 continue
istep = istep+1
pend = (float(istep)/stepp)♦pstar + P-f
call ivprk(ido, n, equation2, p, pend, tol, param, z)
write(9,3000) z(l), pend
if(pend.It.corrp) then
goto 10
endif
istep = istep + 1
pend = (float(istep)/stepp)*pstar + P_f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
phold = pend
zlhold = z(l)
z2hold = z(2)
ido=3
pend = (float(istep)/stepp)*pstar + p_f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
pend = phold
z(l) = zlhold
z(2) = z2hold
c
write(9,3000) z(l), pend
3000 format(* ',5x,lpel0.4,* , '.lpelO.^
c
return
end
c
c****************************************************************************
c
subroutine equationl (n, t, y, yprime)
c
integer n
real*4 t, y(n), yprime(n)
real*4 conv, alpha, adif, term2, diff
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real*4 terml
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
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cal = kp*(y(l)**alpha)*time
ca2 = s*(y(l)**beta)
Ca = cal + ca2
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
cap = ((alpha*cal)+(beta*ca2))/y(l)
diffp = bdif*hs*diff*cap
c
yprime(l) = y(2)
terml = diffp*(y(2)**2)
term2 = conv*(y(l)**alpha)
yprime(2) = -(1.O/diff)*(terml - term2)
return
end
c
C****************************************************************************
c
subroutine equation2 (n, p, z, zprime)
c
integer n
real*4 p, z(n), zprime(n), diff
real*4 conv, alpha, adif, term2
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real*4 term3
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
cal = kp*(p**alpha)*time
ca2 = s*(p**beta)
ca = cal + ca2
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
cap = ((alpha*cal)+(beta*ca2))/p
diffp = bdif*hs*diff*cap
c
zprime(l) = z(2)
term3 = conv*(p**alpha)
zprime(2) = (1/diff)*(diffp*z(2) - term3*(z(2)**3))
return
end
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C****************************************************************************
c
c For the known model parameters "a" and "B" in the model
c
c D = an~-B
c
c this program calculates P_SI for given P_ES for steady-state
c variable diffusivity oxygen diffusion and reaction
c
c****************************************************************************
c
integer n
parameter (n=2)
c
integer numa, numt, i, j, kount, kmax
real*4 t, tend, tol, y(n), kp, length, rl, step
real*4 conv, corr, delp, slpm, time
real*4 fl, f2, f3, p_sil, p_si2, p_si3, eps, p_es
real*4 stepp, p_si, alpha, c, adif, temp
real*4 hs, m, s, beta, p_sim, ca_si, ca_es
character*8 asphalt
character*12 outputfile, datafile, sumfile
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
common /blocke/ s, beta, m, hs, bdif, time, kp
c
write(*,*) ’Enter your output file name’
read(*,’(a)’) outputfile
write(*,*) ’Enter your data file name’
read(*,’(a)') datafile
write(*,*) ’Enter your summary file name’
read(*,’(a)’) sumfile
c
open(8,file=datafile ,status=’old’)
open(9,file=outputfile ,status=* unknown’)
open(unit=10,file=sumfile ,status='unknown*)
c
c = 6.56e-4
rl = 82.057
kmax = 20
read(8,*) alpha
read(8,*) delp
read(8,*) adif, bdif
read(8,*) eps, tol
read(8,*) length, step, stepp
corr = length*(1.0 - (1.0/step))
read(8,*) numa, numt
read(8,*) beta, s
write(9,900) alpha, delp, eps, tol, length, step, stepp,
adif, bdif+
write(9,950) numa, numt, beta, s
do 20 i = 1, numa, 1
read(8,’(a)’) asphalt
read(8,*) p_sim, p_es
read(8,*) kp, temp
read(8,*) hs, m
m = log(m)
conv = c*rl*temp*kp*(l ./24. )>«*(1 ./3600. )
write(9,1000) asphalt, p_sim, p_es, kp, temp, hs, m, conv
writeClO,1000) asphalt, p_sim, p_es, kp, temp, hs, m, conv
do 30 j = 1, numt, 1
read(8,*) time, slpm
write(9,1001) time, slpm
guess a substrate interface pressure
pgues = p_es
p_si = pgues
kount =0
call search (pgues, delp, p_sil, p_si2, fl,
+ f2, kount, n)
The root is bounded
call regfal (p_sil, p_si2, fl, f2, p_si3, f3,
+ eps, kount, kmax, n)
The root is found
write(9,1020) kount, time, p_si3, p_sim, f3
ca_si = kp*(p_si3)**(alpha)*time + s*(p_si3)**(beta)
ca_es = kp*(p_es)**(alpha)*time + s*(p_es)**(beta)
write(10,1030) time, p_si3, ca_si, ca_es
30 continue
20 continue
c****************************************************************************
c
900 format(’ '.4X,'alpha = *,fl0.4,J dimensionless’,
/,5x,’dela = ’,fl0.4,’ dimensionless’,
/,5x,’eps = ’,lpel0.4,’ dimensionless’,
/,5x,’tol = ’,el0.4,’ dimensionless’,
/,5x,’length = ’,610.4,’ m’,
/,5x,’step = ’,0pfl0.4,’ dimensionless',
/,5x,’stepp = *,fl0.4,’ dimensionless’,
/,5x,’adif = ’,lpell.4,’ nT2/s’,
/,5x,’bdif = ’,0pfl0.4,’ dimensionless’,/)
950 format(' ’,4x,’numa = ’,i3,’ dimensionless’,
+ /,5x,4numt = 4,i3,4 dimensionless4,
+ /,5x,4beta= 4,lpel0.4,4 dimensionless4,
+ /,5x,4s =4,el0.4,4 ca/atm“beta4,/)
1000 format(4 4,4x,4file = 4,a8,
+ /,5x,4P_si = 4,fl0.3,4 atm4,
+ /,5x,4P_es = 4,fl0.3,4 atm4,
+ /,5x,4kp = 4,lpel0.4,4 CA/day atnTalpha4,
"+ /,5x,4temp = 4,0pfl0.1,4 K4,
+ /,5x,4hs = 4,fl0.4,4 log(vis)/CA4,
+ /,5x,?m = 4,f10.4,4 log(vis)4,
+ /,5x,4conv = 4,lpel0.4,4 atm*(alpha-1)/s4,/)
1001 format(4 4,4x,4time = 4,fl0.4,4 days4,
+ /,5x,4slpm =4,f10.4,4 atm/m4,/)
1020 format(4 4,4x,4Number of integrations = 4,i3,
+ /,5x,4time = 4,fl0.4,4 days4,
+ /,5x,4p_sical = 4,lpel0.4,4 atm4,
+ /,5x,4p_sim = 4,el0.4,4 atm4,
+ /,5x,4f3 = 4,ell.4,4 m4,/)
1030 format(4 4,2x,f5.1,4 ■ , 4,lpel0.4,4 , 4,el0.4,4 , 4,el0.4)
c
stop
end
c
***********************************************************************
c
subroutine search (pgues, delp, p_sil, p_si2, fl,
+ f2, kount, n)
integer iflag, kount, n
real*4 t, y(2), x_f, p_f, z(2), delp, p_sil
real*4 p_si2, fl, f2, length
real*4 conv, alpha, adif
real*4 step, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corf, tol, slpm
common /blockc/ p_es, stepp, p_si
c
c set the initial conditions
c
p_si = pgues
iflag = 0
t = 0.0
y(D = p_si
y(2) = 0.0
call kevinl (t, tend, n, y» itlag)
c
if(iflag.eq.1) then
x_f = tend
P_f = y(l)
P = P-f
z(l) = x_f
z(2) = l/y(2)
call kevin2 (p, pend, n, z, iflag)
fl - ”(length - z(l))
goto 55
endif
fl = p_es - y(i)
c
55 continue
kount = kount +1
p_sil = p.si
c
50 p_si = p_si/delp
iflag =0
t = 0.0
y(l) = p-.si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f = y(l)
P = P-f
z(l) = x_f
z(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
f2 = -(length - z(l))
goto 65
endif
f2 = p_es - y(l)
c
65 kount = kount +1
P_si2 = p_si
c
c check to see that the root is bounded
c
if((fl*f2).gt.0.0) then
p_sil = p_si2
p_si = p_sil
f 1 = f2
goto 50
endif
return
end
c
C****************************************************************************
C
subroutine regfal (p_sil, p_si2, fl, f2, p_si3, f3,
+ eps, kount, kmax, n)
c
integer iflag, kount, kmax, n
real*4 p_sil, p_si2, p_si3, fl, f2, f3, eps, adif
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real*4 y(2), t, z(2), p, tend, pend, p_f, x_f
real*4 conv, alpha, step, length, corr, tol, slpm
real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
60 p_si3 = (p_sil*f2-p_si2*fl)/(f2-f1)
p_si = p_si3
iflag =0
t = 0.0
y(l) = p_si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f = yd)
P = P-f
z(l) = x_f
z(2) = 1/y(2)
call kevin2 (p, pend, n, z, iflag)
f3 = -(length - z(l))
goto 65
endif
f3 = p_es - y(l)
c
65 kount = kount+1
if(abs(f3).ge.eps) then
if(kount.ge.kmax) then
goto 70
endif
if((fl*f3).le.0.0) then
p_si2 = p_si3
f2 = f3
goto 60
endif
p_sil = p_si3
f l=f 3
goto 60
endif
c
70 continue
c
c The root has been found
c
return
end
c
c****************************************************************************
c
subroutine kevinl (t, tend, n, y, iflag)
integer n, ido, istep, iflag
real*4 t, y(n) , param(50), tend, step, corr
real*4 tol, length, slpm, thold, ylhold, y2hold
common /blockb/ step, length, corr, tol, slpm
external sset, ivprk, equationi
call sset (50, 0.0‘, param, 1)
ido =1
istep =0
10 continue
istep = istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationi, t, tend, tol, param, y)
if(tend.It.corr) then
if(y(2).gt.slpm) then
iflag = 1
istep =.istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationi, t, tend, tol, param, y)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)*length
call ivprk(ido, n, equationi, t, tend, tol, param, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
return
endif
goto 10
endif
istep = istep+1
tend = (float(istep)/step)♦length
call ivprk (ido, n, equationi, t, tend, tol, param, y)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)*length
call ivprk(ido, n, equationi, t, tend, tol, param, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
return
end
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c
c****************************************************************************
c
subroutine kevin2 (p, pend, n, z, iflag)
c
integer n, ido, istep, iflag
real*4 p, z(n) , param(SO), pend, stepp, corrp
real*4 tol, slpm, pstar, p_f, p_es, corr
real*4 phold, zlhold, z2hold
real*4 length, step, p_si
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
external sset, ivprk, equation2
call sset (50, 0.0, param, 1)
c
p_f = p
ido = 1
istep =0
pstar = (p_es - p_f)
corrp = pstar*(1.0 - (1.0/stepp)) + p_f
c
10 continue
istep = istep+1
pend = (float(istep)/stepp)*pstar + p_f
call ivprk(ido, n, equation2, p, pend, tol, parsun, z)
if(pend.It.corrp) then
goto 10
endif
istep = istep +1
pend = (float(istep)/stepp)*pstar + p_f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
phold = pend
zlhold = z(l)
z2hold = z(2)
ido=3
pend = (float(istep)/stepp)*pstar + p^f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
pend = phold
z(l) = zlhold
z(2) = z2hold
return
end
c
c****************************************************************************
c
subroutine equationl (n, t, y, yprime)
c
integer n
real*4 t, y(n), yprime(n)
real*4 conv, alpha, adif, term2, diff
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real*4 terml
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
cal = kp*(y(l)**alpha)*time
ca2 = s*(y(l)**beta)
ca = cal + ca2
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
cap = ((alpha*cal)+(beta*ca2))/y(l)
diffp = bdif*hs*diff*cap
c
yprime(l) = y(2)
terml = diffp*(y(2)**2)
term2 = conv*(y(l)>tc*alpha)
yprime(2) = -(1.O/diff)*(terml - term2)
return
end
c
C****************************************************************************
c
subroutine equation2 (n, p, z, zprime)
c
integer n
real*4 p, z(n), zprime(n), diff
real*4 conv, alpha, adif, term2
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real*4 term3
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
cal = kp*(p**alpha)*time
ca2 = s*(p**beta)
ca = cal + ca2
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
cap = ((alpha*cal)+(beta*ca2))/p
diffp = bdif*hs*diff*cap
c
zprime(l) = z(2)
term3 = conv*(p**alpha)
zprime(2) = (1/diff)*(diffp*z(2) - term3*(z(2)**3))
return
end
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C**** **** ** 4c *** 4c * 4c ***★*** *************** **** **** ***** *** *** *** **** *** *** ****
C
c Calculates the oxygen pressure profile in the asphalt
c film based on the estimated "p_si" for
c known MP_ES", "a" and MBH for the model
c
c D = an“-B
c
c for steady-state variable diffusivity
c oxygen diffusion and reaction
c
c****************************************************************************
integer n
parameter (n=2)
integer numa, numt, i, j
real*4 t, tend, tol, y(n), kp, length, rl, step
real*4 conv, corr, slpm, time
real*4 p_es, eps
real*4 stepp, p_si, alpha, c, adif, temp
real*4 hs, m, s, beta
character*8 asphalt
character*12 outputfile, datafile
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
common /blocke/ s, beta, m, hs, bdif, time, kp
write(*,*) ’Enter your output file name’
read(*,’(a)’) outputfile
write(*,*) ’Enter your data file name’
read(*,*(a)’) datafile
open(8,file=datafile ,status=’old’)
open(9,file=outputfile ,status=’unknown’)
c = 6.56e~4
rl = 82.057
kmax = 50
read(8,*) alpha
read(8,*) eps, tol
read(8,*) length, step, stepp
corr = length*(1.0 - (1.0/step))
read(8,*) numa, numt
read(8,*) beta, s
read(8,*) bdif, adif
write(9,900) alpha, eps, tol, length, step, stepp
write(9,950) numa, numt, beta, s, bdif
do 20 i = 1, numa, 1
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read(8,1(a)*) asphalt
read(8,*) p_es
read(8,*) kp, temp
read(8,*) hs, m
m = log(m)
conv = c*rl*temp*kp*(l./24.)*(l./3600.)
write(9,1000) asphalt, p_es, kp, temp, hs, m, conv
c^
do 30 j = 1, numt, 1
read(8,*) time, slpm, p_si
write(9,1001) time, slpm, p_si
call kevin (j, n)
30 continue
20 continue
c
c****************************************************************************
c
900 formatC* ’,4x,’alpha = *,±10.4,* dimensionless1,
+ /,5x,’eps = ’,lpel0.4,’ dimensionless1,
+ /,5x,’tol = ’,el0.4,’ dimensionless1,
+ /,5x, 'length = ’,610.4,* m1,
+ /,5x,’step =’,0pll0.4,’ dimensionless1,
+ /,5x,’stepp = ’,110.4,.’ dimensionless1,/)
950 formatC1 1,4x,'numa = ’,i3,’ dimensionless1,
+ /,5x,'numt = ’,i3,’ dimensionless1,
+ /,5x,’beta = ’,lpel0.4,’ dimensionless1,
+ /,5x,'s = ’,el0.4,’ ca/atnTbeta1 ,
+ /,5x,’bdif = ’,611.3,1 dimensionless1,/)
1000 formatC1 ’,4x,’file = ’,a8,
+ /,5x,’P_es = 1,f10.3,1 atm1,
+ /,5x,’kp = ’,lpel0.4,’ CA/day atnTalpha1,
+ /,5x,’temp = 1,Opf10.1,1 K1,
+ /,5x,’hs = ’,110.4,1 log(vis)/CA’,
+ /,5x,'m = ’,110.4,’ log(vis)1,
+ /,5x,'conv = ’.lpelO^,1 atm“(alpha-1)/s1,/)
1001 formatC1 ’,4x,’time = ’,f10.4,1 days’,
+ /,5x,’slpm = ’,110.4,’ atm/m1,
+ /,5x,’p_si = 1,f10.4,1 atm1,/)
c
stop
end
c
c****************************************************************************
c
subroutine kevin (j, n)
c
integer iflag, n, j
real*4 t, y(2), x_f, p_f, z(2)
real*4 length, adif
real*4 conv, alpha
real*4 step, corr, tol, slpm
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real*4 p_es, stepp, p_si
common /blocka/ conv, alpha, adif
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
c set the initial conditions
c
write (9,1100) j
1100 format (’ V,4x,i3,/)
c
iflag =0
t = 0.0
y(l) = p_si
y(2) = 0.0
call kevinl (t, tend, n, y, iflag)
c
if(iflag.eq.1) then
x_f = tend
p_f = y(l)
P = P-*
z(1) = x_f
z(2) = l/y(2)
call kevin2 (p, pend, n, z, iflag)
goto 55
endif
c
55 continue
return
end
c
c****************************************************************************
c
subroutine kevinl (t, tend, n, y, iflag)
c
integer n, ido, istep, iflag
real*4 t, y(n), param(50), tend, step, corr
real*4 tol, length, slpm, thold, ylhold, y2hold
common /blockb/ step, length, corr, tol, slpm
c
external sset, ivprk, equationl
call sset (50, 0.0, param, 1)
c
ido = 1
istep = 0
write(9,2000) t, y(l)
c
10 continue
istep = istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
write(9,2000) tend, y(l)
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if(tend.It.corr) then
if(y(2).gt.slpm) then
iflag = 1
istep = istep+1
tend = (float(istep)/step)^length
call ivprk(ido, n, equationl, t, tend, tol, paraun, y)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
return
endif
goto 10
endif
c
istep = istep+1
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
write(9,2000) tend, y(l)
thold = tend
ylhold = y(l)
y2hold = y(2)
ido = 3
tend = (float(istep)/step)*length
call ivprk(ido, n, equationl, t, tend, tol, param, y)
tend = thold
y(l) = ylhold
y(2) = y2hold
c
2000 format(' },5x,lpel0.4,* , ’.lpelO.4)
return
end
c
c****************************************************************************
c
subroutine kevin2 (p, pend, n, z, iflag)
c
integer n, ido, istep, iflag
real*4 p, z(n), paraun(50), pend, stepp, corrp
real*4 tol, slpm, pstar, p_f, p_es, corr
real*4 phold, zlhold, z2hold
real*4 length, step, p_si
common /blockb/ step, length, corr, tol, slpm
common /blockc/ p_es, stepp, p_si
c
external sset, ivprk, equation2
call sset (50, 0.0, param, 1)
c
p_f = p
ido =1
istep = 0
pstar = (p_es - p_f)
corrp = pstar*(1.0 - (1.0/stepp)) + P-f
write(9,3000) z(l), p
10 continue
istep = istep+1
pend = (float(istep)/stepp)*pstar + P^f
call ivprk(ido, n, equation2, p, pend, tol, param, z)
write(9,3000) z(l), pend
if(pend.It.corrp) then
goto 10
endif
istep = istep + 1
pend = (float(istep)/stepp)*pstar + P„f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
phold = pend
zlhold = z(l)
z2hold = z(2)
ido=3
pend = (float(istep)/stepp)*pstar + p^f
call ivprk (ido, n, equation2, p, pend, tol, param, z)
pend = phold
z(l) = zlhold
z(2) = z2hold
write(9,3000) z(l), pend
c
3000 format(* J,5x,lpel0.4,* , ’,lpel0.4)
return
end
c
C*** * ** **** * afc* * * ate* 4c********** *★** ** * **** *** % *★* * *** * *** *** * **** ** ******* **** *
C
subroutine equationl (n, t, y, yprime)
c
integer n
real*4 t, y(n), yprime(n)
real*4 conv, alpha, adif, term2, diff
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real*4 terml
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
cal = kp*(y(l)**alpha)*time
ca2 = s*(y(l)**beta)
ca = cal + ca2
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eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
cap = ((alpha*cal)+(beta*ca2))/y(l)
diffp = bdif*hs*diff*cap
c
yprime(l) = y(2)
terml = diffp*(y(2)**2)
term2 = conv^(y(l)♦♦alpha)
yprime(2) = -(1.O/diff)♦(terml - term2)
return
end
c
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦
c
subroutine equation2 (n, p, z, zprime)
c
integer n
real^4 p, z(n), zprime(n), diff
real*4 conv, alpha, adif, term2
real*4 s, beta, m, hs, bdif, time, kp
real*4 cal, ca2, ca, eta, cap, diffp
real+4 term3
common /blocka/ conv, alpha, adif
common /blocke/ s, beta, m, hs, bdif, time, kp
c
cal = kp*(p**alpha)*time
ca2 = s+(p**beta)
ca = cal + ca2
eta = exp(hs^ca+m)
diff = adif*(eta+♦bdif)
c
cap = ((alpha^cal)+(beta^ca2))/p
diffp = bdif♦hs+diff♦cap
c
zprime(l) = z(2)
term3 = conv*(p**alpha)
zprime(2) = (1/diff)*(diffp*z(2) - term3*(z(2)**3))
return
end
C****************************************************************************
c
c For the given parameters "an and ”B", this program
c solves the partial differential equation for unsteady-state
c variable diffusivity oxygen diffusion and reaction,
c
c The spatial variable is written as finite
c difference equations. Futhermore, for each spatial node, the
c rate of carbonyl formation is also expressed. This yields a
c total of 2n first order ODEs.
c
c These equations are integrated forward in
c time by using the IVPRK method. The initial condition for all
c temperatures said pressure is zero oxygen pressure in the film. The
c boundary conditions sire specified such that the oxygen pressure at
c the surface in known and the flux said the impermeable substrate is 0.
c
c****************************************************************************
c
integer nmax
parameter (nmax = 100, nmax2 = 200)
c
integer i, j, n, numtemp, numas, numpres
integer ii, iii, inc, nn
real*4 y(nmax), z(nmsix2), length, kp, conv
real*4 p_es, tol, delx, diff, fact
real*4 alpha, a, e_a, temp, rl, r2, c
real*4 adif, bdif, hs, m, s, beta
real*4 m_o, hs_o, temp_o
character*8 asphalt
character*12 outputfile, datafile, sumfile
common /blocka/ hs, m, adif, bdif, s, beta
common /blockb/ alpha, kp, conv
common /blockc/ tol
common /blockd/ inc, nn
common /blocke/ delx, delxsq
common /blocki/ p_es, fact_i
c
write(*,*) ’Enter your output file name’
read(*,’(a)’) outputfile
write(*,*) ’Enter your data file nsune'
read(*,’(a)’) datafile
write(*,*) ’Enter your summary file nsune’
read(*,’(a)’) sumfile
c
open(unit=8,file=datafile ,status=’old’)
open(unit=9,file=outputfile ,status=’unknown')
open(unit=10,file=sumfile , status=’unknown’)
c
read(8,*) numas , numtemp, numpres
read(8,*) tol, length, n
read(8,*) alpha, adif, bdif, temp_o
adif = adif*(3600.0)*(24.0)
c = 6.56e-4
rl = 82.057
r2 = 8.314
n2 = 2*n
delx = length/float(n)
delxsq = delx**2
inc = n/5
nn = n - (inc/2)
iflag =0
c
do 20 i = 1, numas , 1
read(8,*(a)*) asphalt
read(8,*) a, e_a
read(8,*) s, beta, hs_o, m_o, gamma, delta
m_o = log(m_o)
c
do 30 ii = 1, numtemp, 1
read(8,*) temp, timemax
kp - a*exp(-e_a/(r2*temp))
conv = c*rl*temp
hs = hs_o + gamma*((1.0/temp) - (1.0/temp_o))
m = m_o + delta^C(1.0/temp) - (1.0/temp_o))
c
do 40 iii = 1, numpres, 1
read(8,*) p_es
write(9,800) asphalt
write(9,1200) tol, length, p_es, temp, delx
write(9,1300) alpha, a, e_a, c, rl, r2, kp, conv
write(9,1400) adif, bdif, hs_o, m_o, temp_o,
+ gamma, delta, beta, s
call propinit (length, diff_i)
fact_i = (diff_i/delxsq)
write(9,1500) temp, hs, m, diff_i, fact_i
write(10, 1600) asphalt, temp, p_es, diff_i
call kevin (n, y, n2, z, timemax, iflag, p_es)
iflag = 1
c
40 continue
30 continue
20 continue
c
c****************************************************************************
c
800 formatC* ’,/,5x,*asphalt = *,a8,/)
1200 format(* *,4x,*tol = *,lpell.4,* dimensionless*,
+ /,5x,'length = *,0pf10.4,* m*,
+ /,5x,*p_es = *,f10.4,* atm11 9
+ /,5x,*temp = *,f10.4,* K*,
+ /,5x,’delx = *lpel0.4,* m*,,/)
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1300 formate * *,4x,’alpha * ',110.4,' dimensionless*,
+ /,5x,’a = *,lpel0.4,* CA/day atm“alpha*,
+ /,Sx,*e_a = *,0pf10.1,* J/mol*,
+ /,5x,*c = *,lpel0.4,* mol/cm*3 CA*,
+ /,5x,*rl = *,0pfl0.4,* cm“3 atm/mol K* ,
+ /,5x,»r2 = *,fl0.4,* J/mol K*,
+ /,5x,’kp = *,lpel0.4,* CA/day atm“alpha*,
+ /,5x,*conv = *,el0.4,* atm/CA*,/)
1400 formatC* *,4x,’adif = »,lpel0.4,* m“2/day*,
+ /,5x,*bdif = *,0pfl0.4,* dimensionless*,
+ /,5x,*hs_o = *,f10.4,* ln(vis)/CA*,
+ /,5x,*m_o = *,fi0.4,* ln(vis)*,
+ /,Sx,*temp_o a *,fl0.1,* K*,
+ /,5x,’gamma = *,fl0.1,* K/CA’,
+ /,5x,’delta = *,fl0.1,* K’,
+ /,5x,*beta = *,fl0.4,* dimensionless*,
+ /,5x,*s = *,fl0.4,* CA/atm“beta*,/)
1500 formatC* *,4x,'temp = *,f10.1,* K*,
+ /,5x,*hs = *,fl0.4,* lnevis)/CA*.
+ /,5x,*m = ’,f10.4,* InXvis)*,
+ /,5x,*diff_i = *,lpel0.4,' m~2/day*,
+ /,5x,*fact_i = *,lpel0.4,* 1/day*,/)
1600 formate* *,4x,’asphalt = *,a8,
+ /,5x,*temp = *,f10.1,* K*.
+ /,5x,*p_es = *,f10.4,* atm*,
+ /,5x,*diff_i = *,lpel0.4,* m“2/day*,/)
stop
end
c
c****************************************************************************
c
subroutine propinit elength, diff_i)
c
real*4 length, m, p_es, fact_i
real*4 hs, adif, bdif, s, beta
real*4 p_i, ca_i, eta_i, diff_i
common /blocki/ p_es, fact_i
common /blocka/ hs, m, adif, bdif, s, beta
c
p_i = ep_es)*0.5
ca_i = s*ep_i**beta)
eta_i = expehs*ca_i + m)
diff_i = adif*eeta_i**bdif)
return
end
c
c****************************************************************************
c
subroutine kevin en» y» n2, z, timemax, iflag, p_es)
c
integer n, n2, ido, istep, iflag, nflag
real*4 t, y(n) , z(n2), parson(50), tend, timemax
real*4 tol
common /blockc/ tol
external sset, ivprk, equationl, equation2
call sset (50, 0.0, param, 1)
param(4) = 20000
timei = 1.0
do 100 j = 1, n, 1
y(j) = 0.0
100 continue
ido 1
istep = 0
nflag =0
10 continue
istep = istep+1
tend = float(istep)
call ivprk(ido, n, equationl, t, tend, tol, param, y)
call output (y, n, t, iflag, timei, nflag)
if(nflag.eq.0) then
goto 10
endif
ido = 3
tend = float(istep)
call ivprk(ido, n, equationl, t, tend, tol, parson, y)
ido =1
istep = 1
t = 1.0
do 200 j = 1, n, 1
z(j) = y(j)
p = y(j)
call carbonyl(p, t, ca_i)
z(n+j) = ca_i
200 continue
nflag = 0
call output2 (z, n2, t, timemax, nflag)
20 continue
istep = istep+1
tend = float(istep)
call ivprk(ido, n2, equation2, t, tend, tol, param, z)
call output2 (z, n2, t, timemax, nflag)
if(nflag.eq.0) then
goto 20
endif
ido = 3
tend = float(istep)
call ivprk(ido, n2, equation2, t, tend, tol, param, z)
return
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end
c
c*****************************************************************************
c
subroutine equation!, (n, t, y, yprime)
c
integer n, nml, j, jpl, jml
real*4 t, y(n), yprirae(n), term2, yima, p_esO
real*4 p_es, fact_i, car, p, ocr
common /blocki/ p_es, fact_i
c
do 20 j = 1, n, 1
if(y(j).It.0.0) then
y(j') = 0.0
endif
20 continue
c
yima = y(2)
c
c Calculate the 0 flux boundary condition
p = y(l)
call rates(p, ocr, car)
term2 = (fact_i)*(y(2) - 2.0*y(l) + yima)
yprime(l) = term2 - ocr
c
c Calculate the derivatives at all of the interior nodes
c
nml = n - 1
do 30 j = 2, nml, 1
jpl = j + 1
jml = j - 1
p = y(j)
call rates(p, ocr, car)
term2 = (fact_i)*(y(jpl) - 2.0*y(j) + y(jml))
yprime(j) = term2 - ocr
30 continue
c
c Calculate the known pressure at the free surface
c
if(t.eq.O.O) then
p_es0 =(p_es-y(l))/2.0
p = y(n)
call rates(p, ocr, car)
term2 = (fact_i)*(p_es0 -^.O^yCn) + y(nml))
yprime(n) = term2 - ocr
goto 100
endif
c
p = y(n)
call rates(p, ocr, car)
term2 = (fact_i)*(p_es - 2.0*y(n) + y(nml))
yprime(n) = term2 - ocr
c
100 continue
return
end
c
c****************************************************************************
c
subroutine equation2 Cn2, t, z, zprime)
c
integer n, nml, n2, j, jpl, jml
real*4 t, z(n2), zprime(n2), term2, yima
real*4 delx, delxsq, terml, ca, diff, diffp, p, car
real*4 p_es
common /blocki/ p_es, fact_i
common /blocks/ delx, delxsq
c
n = (n2/2)
do 20 j = 1, n, 1
if(z(j).It.0.0) then
z(j) = 0.0
endif
20 continue
c
zima = z(2)
c
c Calculate the 0 flux boundary condition
c
P = ZCD
ca = z(n+l)
call rates(p, ocr, car)
call diffusCp, ca, diff, diffp)
c
fact = (diff/delxsq)
term2 = fact*(z(2) - 2*z(l) + zima)
zprime(l) = term2 - ocr
zprime(n+1) = car
c
c Calculate the derivatives at all of the interior nodes
c
nml = n - 1
do 30 j = 2, nml, 1
JPl = J + 1
jml = j - 1
P = z(j)
ca = z(n+j)
call rates (p, ocr, car)
call diffus (p, ca, diff, diffp)
fact = (diff/delxsq)
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terml = (diffp/(4*delxsq))*((z(jpl) - z(jml))**2)
term2 - fact*(z(jpi) - 2.0*z(j) + z(jml))
zprimeCj) = terml + term2 - ocr
zprime(n+j) = car
30 continue
c
c Calculate the known pressure at the free surface
c
p = z(n)
ca = z(n+n)
call rates(p, ocr, car)
call diffus(p, ca, diff, diffp)
fact = (diff/delxsq)
terml = (diffp/(4.0*delxsq))*((p_es - z(nml))**2)
term2 = fact*(p_es - 2.0*z(n) + z(nml))
zprime(n) = terml + terra2 - ocr
zprime(n+n) = car
return
end
c
c****************************************************************************
c
subroutine diffus (p, ca, diff, diffp)
c
real*4 p, ca
real*4 hs, m, adif, bdif, s, beta, alpha, kp, conv
common /blocka/ hs, m, adif, bdif, s, beta
common /blockb/ alpha, kp, conv
c
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
if(p.eq.O) then
cap =0.0
goto 100
endif
cap = alpha*ca/p
c
if(cap.gt.1.0) then
cap = 1.0
goto 100
endif
c
100 continue
diffp = bdif*hs*diff*cap
return
end
c
c****************************************************************************
c
subroutine rates (p, ocr, car)
creal*4 alpha, kp, conv, ocr, car
common /blockb/ alpha, kp, conv
c
car = kp*(p**alpha)
ocr = conv*car
return
end
c
c****************************************************************************
c
subroutine carbonyl (p, t, ca_i)
c
real*4 p, t, ca_i
real*4 hs, m, adif, bdif, s, beta, alpha, kp, conv
common /blocka/ hs, m, adif, bdif, s, beta
common /blockb/ alpha, kp, conv
c
ca_i = t*kp*(p**alpha) + s*(p**beta)
return
end
c
c****************************************************************************
c
subroutine output (y, n, t, iflag, timei, nflag)
c
integer n, ido, istep, iflag, nflag
integer inc, nn
real*4 t, y(n), tend, timei, tml
real*4 p_es, fact_i
common /blocki/ p_es, fact_i
common /blockd/ inc, nn
c
dp 10 j = 1, n, 1
if(y(j).It.0.0) then
y(j) = 0.0
endif
10 continue
c
if(iflag.eq.0) then
if(t.ge.timei) then
nflag = 1
endif
return
endif
c
tml = t - 1
if(tml.eq.0.0) then
return
endif
c
if(tml.ge.timei) then
nflag = 1
endif
c
2000 format(* >,2x,f6.0,* , *,5(16.3,* , 0,16.3)
return
end
c
**************** I*********************************************************
c
subroutine output2 (z, n2, t, timemax, nflag)
c
integer n, nflag, inc, nn, n2
real*4 t, z(n2), tend, timemax
real*4 p_es, fact_i
common /blocki/ p_es, fact_i
common /blockd/ inc, nn
c
n = (n2/2)
do 10 j = 1, n, 1
if(z(j).It.0.0) then
z(j) = 0.0
endif
10 continue
c
call carbonyl(p_es, t, ca_es)
write(9,2000) t, (z(j), j=l,nn,inc), p_es
write(10,2000) t, (z(j+n), j = l,nn,inc), ca_es
if(t.ge.timemax) then
nflag = 1
endif
c
2000 format(* *,2x,f6.0,’ , ',5(16.3,* , 0,f6.3)
return
end
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C****************************************************************************
c
Aging testc
c
c
c
c
c
c
c
c
c****************************************************************************
c
This program calculates the time to reach a pre-defined failure
criteria based on viscosity at 333.3 K
Two indendent calculations are performed. The first assumes
no oxygen diffusion resistance. The second assumes the
models previously discussed.
integer nmax
parameter (nmax = 100, nmax2 = 200)
integer i, j, n, numtemp, numas, numpres
integer ii, iii, inc, nn
real*4 y(nmax), z(nmax2), length, kp, conv
real*4 p_es, tol, delx, diff, fact
real*4 alpha, a, e_a, temp, rl, r2, c
real*4 adif, bdif, hs, m, s, beta, ca_i
real*4 m_o, hs_o, temp_o, vis_fail
character's asphalt
character*12 outputfile, datafile, sumfile
common /blocka/ hs, m, adif, bdif, s, beta
common /blockb/ alpha, kp, conv
common /blockc/ tol
common /blockd/ inc, nn
common /blocke/ delx, delxsq
common /blockt/ length
common /blocki/ p_es, fact_i
write(*,*) ’Enter your output file name’
read(*,’(a)’) outputfile
write(*,*) ’Enter your data file name’
read(*,’(a)’) datafile
write(*,*) 'Enter your summary file name'
read(*,’(a)’) sumfile
open(unit=8,file=datafile ,status=’old’)
open(unit=9,file=outputfile ,status=’unknown’)
open(unit=10,file=sumfile ,status^’unknown’)
read(8,*) numas , numtemp
read(8,*) vis_fail , p_es
read(8,*) tol, length, n
read(8,*) alpha, adif, bdif, temp_o
adif = adif*(3600.0)*(24.0)
c = 6.56e-4
rl = 82.057
cc
c
c
c
c
c
r2 a 8.314
n2 = 2*n
delx = length/float(n)
delxsq = delx**2
inc = n/5
nn = n - (inc/2)
iflag =0
do 20 i = 1, numas ,1
read(8,*(a)») asphalt
read(8,*) a, e_a
read(8,*) s, beta, hs_o, m_o, gamma, delta
m_o = log(m_o)
do 30 ii = 1, numtemp, 1
read(8,*) temp
kp = a*exp(~e_a/(r2*temp))
conv = c*rl*temp
hs = hs_o + gamma*((1.0/temp) - (1.0/temp_o))
m - m_o + delta*((l.0/temp) - (1.0/temp_o))
write(9,800) asphalt
write(9,1200) tol, length, p_es, temp, delx
write(9,1300) alpha, a, e_a, c, rl, r2, kp, conv
write(9,1400) adif, bdif, hs_o, m_o, temp_o,
+ gamma, delta, beta, s
ca_fail = (log(vis_fail) - m_o)/hs_o
No Diffusion Problems
ca_o = s*(p_es**beta)
ca_dif = ca_fail - ca_o
rate = kp*(p_es**alpha)
time_fail = (ca_dif/rate)
write(9,1450) vis_fail, ca_fail, ca_o, ca_dif,
+ rate, time_fail
time_fail = (time_fail/365.0)
write(10., 1475) asphalt, temp, time_fail
call propinit (length, diff_i, ca_i)
fact_i = (diff_i/delxsq)
write(9,1500) temp, hs, m, diff_i, fact_i
write(10,1600) asphalt, temp, p_es, diff_i
ca_dif = ca_fail - ca_i
call kevin (n, y, n2, z, ca_dif, iflag, p_es,
+ time_fail)
iflag = 1
write(9, 1650) time_fail
time_fail = time_fail/365.0
write(10,1575) asphalt, temp, time_fail
continue30
20 continue
c
c****************************************************************************
c
800 formatC* *,/,5x,’asphalt = *,a8,/)
1200 formatC* *,4x,*tol = *,lpell.4,’ dimensionless*,
+ /,5x,’length = *,0pf10.4,* m*,
+ /,5x,’p_es = *,fl0.4,* atm’,
+ /,5x,*temp = *,fl0.4,* K’,
+ /,5x,’delx = *lpel0.4,* m*,/)
1300 formate* *,4x,’alpha = *,fl0.4,* dimensionless',
+ /,5x,*a = *,ipel0.4,* CA/day atm“alpha*,
+ /,5x,’e_a - *,0pfl0.1,* J/mol*,
+ /,5x,*c = *,lpel0.4,* mol/cnT3 CA*,
+ /,5x,’rl = *,0pfl0.4,* cm“3 atm/mol K*.
+ / ,5x,*r2 = *,f10.4,* J/mol K’,
+ /,5x,’kp = *,lpel0.4,* CA/day atnTalpha*,
+ /,5x,*conv = *,el0.4,* atm/CA*,/)
1400 formate* *,4x,*adif = *,lpel0.4,* m“2/day*,
+ /,5x,*bdif = *,0pfl0.4,* dimensionless*,
+ /,5x,’hs_o = *,fl0.4,* lnevis)/CA*,
+ /,5x,*m_o = *,fl0.4,* lnevis)*,
+ /,5x,*temp_o = *,f10.1,* K*,
+ /,5x,’gamma = *,fl0.1,* K/CA*,
+ /,5x,’delta = *,fl0.1,* K*.
+ /,5x,*beta = *,fl0.4,’ dimensionless*,
+ /,5x,’s = *,fl0.4,* CA/atm“beta*,/)
1450 formate* *,4x,*vis_fail = *,lpel0.4,* P*,
+ /,5x,*ca_fail = *,0pfl0.4,* CA’,
+ /,5x,’ca_o = *,f10.4,’ CA*,
+ /,5x,’ca_dif = *,fl0.4,* CA*,
+ /,5x,*rate = *,lpel0.4,’ CA/day’,
+ /,5x,*time_fail = *,0pfl0.1,’ days*,/)
1475 formate* *,4x,’No Diffusion Resistance*,
+ /,5x,* asphalt =’,a8,
+ /,5x,*temp =*,fl0.1,* K*.
+ /,5x,*time_fail =’,fl0.2,* years’,/)
1500 formate* *,4x,*temp = *,fl0.1,* K’,
+ /,5x,*hs = *,fl0.4,’ lnevis)/CA*,
+ /,5x,*m = *,fl0.4,* lnevis)*,
+ /,5x,’diff_i = *,lpel0.4,* m“2/day’,
+ /,5x,’fact_i = *,lpel0.4,' 1/day*,/)
1575 formate* *,4x,*With Diffusion Resistance*,
+ /,5x,* asphalt =',a8,
+ /,5x,*temp =’,fl0.1,* K’,
+ /,5x,*time_fail =*,fl0.2,* years’,/)
1600 formate* ’,4x,*asphalt = *,a8,
+ /,5x,*temp = *,fl0.1,* K’,
+ /,5x,*p_es = *,fl0.4,* atm*,
+ /,5x,*diff_i = *,lpel0.4,’ nT2/day’,/)
1650 formate* ’,4x,*time.fail = *,fl0.1,* days*,/)
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c
stop
end
c
c****************************************************************************
c
subroutine propinit (length, diff_i, ca_i)
c
real*4 length, m, p_es, fact_i
real*4 hs, adif, bdif, s, beta
real*4 p_i, ca_i, eta_i, diff_i
common /blocki/ p_es, fact_i
common /blocka/ hs, m, adif, bdif, s, beta
c
p_i = (p_es)*0.5
ca_i = s*(p_i**beta)
eta_i = exp(hs*ca_i + m)
diff_i = adif*(eta_i**bdif)
return
end
c
c****************************************************************************
c
subroutine kevin (n, y, n2, z, ca_dif, iflag, p_es,
+ time_fail)
c
integer n, n2, ido, istep, iflag, nflag
real*4 t, y(n), z(n2), parcim(50), tend, timemax
real’t'4 tol, ca_fail
common /blockc/ tol
c
external sset, ivprk, equationl, equation2
call sset(50, 0.0, param, 1)
param(4) = 20000
timei = 1.0
write(10,*) ca_dif
c
do 100 j = 1, n, 1
y(j) = 0.0
100 continue
ido = 1
istep = 0
nflag = 0
c
10 continue
istep = istep+1
tend = float(istep)
call ivprk(ido, n, equationl, t, tend, tol, param, y)
call output(y, n, t, iflag, timei, nflag)
if(nflag.eq.0) then
goto 10
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endif
ido = 3
tend = float(istep)
call ivprk(ido, n, eqUationlj t> tend> tolf param, y)
ido = 1
istep - 1
t = 1.0
do 200 i = 1, n, 1
z(j) = y(j)
p = y(j)
call carbonyl(p, t, ca_i)
z(n+j) = ca_i
200 continue
nflag = 0
tml = t - 1
call carbonyl(p_es, tml, ca_es)
call trapCz, ca_es, n2, n, ca_avg)
if(ca_avg.ge.ca_dif) then
goto 4000
endif
call output2 (z, n2, t)
c
20 continue
if(t.It.10.0) then
istep = istep+1
goto 3000
endif
istep = istep + 20
3000 continue
tend = float(istep)
call ivprk(ido, n2, equation2, t, tend, tol, param, z)
call carbonyl(p_es, t, ca_es)
call trap(z, ca_es, n2, n, ca_avg)
c
if(ca_avg.ge.ca_dif) then
nflag = 1
endif
call output2 (z, n2, t)
if(nflag.eq.0) then
goto 20
endif
c
4000 continue
ido = 3
tend = float(istep)
call ivprk(ido, n2, equation2, t, tend, tol, param, z)
time_fail = t
return
end
c
c*****************************************************************************
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c
subroutine equationl (n, t, y, yprime)
c
integer n, nml, j, jpl, jml
real*4 t, y(n), yprime(n)* term2, yima, p_esO
real*4 p_es, fact_i, car, p, ocr
common /blocki/ p_es, fact_i
c
do 20 j = 1, n, 1
if (yCj).It.0.0) then
y(j) = 0.0
endif
20 continue
yima = y(2)
c
c Calculate the 0 flux boundary condition
c
P = y(i)
call rates(p, ocr, car)
term2 = (fact_i)*(y(2) - 2.0*y(l) + yima)
yprime(l) = term2 - ocr
c
c Calculate the derivatives at all of the interior nodes
c
nml = n - 1
do 30 j =2, nml, 1
JPl = j + 1
jml = j - 1
p = y(j)
call rates(p, ocr, car)
term2 = (fact_i)*(y(jpl) - 2.0*y(j) + y(jml))
yprime(j) = term2 - ocr
30 continue
c
c Calculate the known pressure at the free surface
c
if(t.eq.O.O) then
p_es0 =(p_es-y(l))/2.0
p = y(n)
call rates(p, ocr, car)
term2 = (fact_i)*(p_es0 - 2.0*y(n) + y(nml))
yprime(n) = term2 - ocr
goto 100
endif
c
p = y(n)
call rates(p, ocr, car)
term2 = (fact_i)*(p_es - 2.0*y(n) + y(nml))
yprime(n) = term2 - ocr
c
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100 continue
return
end
c
c****************************************************************************
c
subroutine equation2 (n2, t, z, zprime)
c
integer n, nml, n2, j, jpl, jml
real*4 t, z(n2), zprime(n2), term2, yima
real*4 delx, delxsq, terml, ca, diff, diffp, p, car
real*4 p_es
common /blocki/ p_es, fact_i
common /blocke/ delx, delxsq
c
n = (n2/2)
do 20 j = 1, n, 1
if(z(j).It.0.0) then
z(j) = 0.0
endif
20 continue
zima = z(2)
c
c Calculate the 0 flux boundary condition
c
p = z(l)
ca = z(n+l)
call rates(p, ocr, car)
call diffusCp, ca, diff, diffp)
fact = (diff/delxsq)
term2 - fact*(z(2) - 2*z(l) + zima)
zprime(l) = term2 - ocr
zprime(n+1) - car
c
c Calculate the derivatives at all of the interior nodes
c
nml = n - 1
do 30 j = 2, nml, 1
jpl = j + 1
jml = j - 1
P = z(j)
ca = z(n+j)
call rates (p, ocr, car)
call diffus (p, ca, diff, diffp)
fact = (diff/delxsq)
terml = (diffp/(4*delxsq))*((z(jpl) - z(jml))**2)
term2 = fact*(z(jpl) - 2.0*z(j) + z(jml))
zprime(j) = terml + term2 - ocr
zprime(n+j) = car
30 continue
c
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c Calculate the known pressure at the free surface
c
p = z(n)
ca = z(n+n)
call rates(p, ocr, car)
call diffusCp, ca, diff, diffp)
fact = (diff/delxsq)
terml = (diffp/(4.0*delxsq))*((p_es - z(nml))**2)
term2 - fact*(p_es - 2.0*z(n) + z(nml))
zprime(n) - terml + term2 - ocr
zprime(n+n) - car
return
end
c
C************* 9ft * ********** ********************** **** ** *******#** ***#★*****
c
subroutine diffus (p, ca, diff, diffp)
c
real*4 p, ca
real*4 hs, m, adif, bdif, s, beta, alpha, kp, conv
common /blocka/ hs, m, adif, bdif, s, beta
common /blockb/ alpha, kp, conv
c
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
if(p.eq.O) then
cap = 0.0
goto 100
endif
cap = alpha*ca/p
c
if(cap.gt.1.0) then
cap = 1.0
goto 100
endif
c
100 continue
diffp = bdif*hs*diff*cap
return
end
c
c****************************************************************************
c
subroutine rates (p, ocr, car)
c
real*4 alpha, kp, conv, ocr, car
common /blockb/ alpha, kp, conv
c
car = kp*(p**alpha)
ocr = conv*car
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return
end
c
c****************************************************************************
c
subroutine carbonyl (p, t, ca_i)
c
real*4 p, t, ca_i
real*4 hs, m, adif, bdif, s, beta, alpha, kp, conv
common /blocka/ hs, m, adif, bdif, s, beta
common /blockb/ alpha, kp, conv
c
ca_i = t*kp*(p**alpha) + s*(p**beta)
return
end
c
c****************************************************************************
c
subroutine trap(z, ca__es, n2, n, ca„avg)
c
integer n2, n
real*4 z(n2), ca_es, ca_avg, length
common /blocke/ delx, delxsq
common /blockt/ length
c
sum = 0.0
do 10 j = n+2, n2, 1
sum = sum + z(j)
10 continue
c
area = (delx/2.0)*(z(n+l) + 2.0*sum + ca_es)
ca_avg = area/length
return
end
c
c****************************************************************************
c
subroutine output (y, n, t, iflag, timei, nflag)
c
integer n, ido, istep, iflag, nflag
integer inc, nn
real*4 t, y(n), tend, timei, tml
real*4 p_es, fact_i
common /blocki/ p_es, fact_i
common /blockd/ inc, nn
c
do 10 j = 1, n, 1
if(y(j).lt.0.0) then
y(j) * 0.0
endif
10 continue
497
c
if(iflag.eq.0) then
if(t.ge.timei) then
nflag = 1
endif
return
endif
c
tml = t - 1
if(tml.eq.0.0) then
return
endif
c
if(tml.ge.timei) then
nflag = 1
endif
c
2000 format(» '^x.fe.O,1 , '^(fe.S,' , >),f6.3)
return
end
c
c****************************************************************************
c
subroutine output2 (z, n2, t)
c
integer n, nflag, inc, nn, n2
real*4 t, z(n2), tend
real*4 p_es, fact_i
common /blocki/ p_es, fact_i
common /blockd/ inc, nn
c
n = (n2/2)
do 10 j = 1, n, 1
if(z(j).It.0.0) then
z(j) = 0.0
endif
10 continue
call carbonyl(p_es, t, ca_es)
write(9,2000) t, (z(j), j=l,nn,inc), p_es
write(10,2000) t, (z(j+n), j = l,nn,inc), ca_es
c
2000 format(' >,2x,f6.0,> , > , 0,f6.3)
return
end
APPENDIX E
LABORATORY AND FIELD DATA
TableE- .DickensCosdenAC-10POVandFielat a
DescriptionTime
days
CA
n’oh kP
(1/J")cxl0-3 dyne/cm2
MW
POVAgedat355.5K,20tm
2
1.240
22.7
182.1
—
4
1.423
39.5
295.2
1949
6
1.567
72.0
489.4
-
8
1.674
137.0
780.9
2075
10
1.810
236.0
1206.0
-
12
2.058
350.0
1637.0
2241
14
2.066
680.0
2552.0
-
16
2.209
1200.0
3627.0
2266
20
2.284
2230.0
5454.0
-
22
2.383
4610.0
8377.0
2309
Coresfr mFebruary1993,Station#5 9+00origi allplacedin82 Auto1.522
120.0
805.9
2548
Micro
1.590
115.0
698.9
2434
Micro
1.521
120.0
679.2
2561
a -Signifiesthvaluewereotdetermin d bMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-2.DickensCosdenAC- 0POVandFielat a
DescriptionTime
days
CA
V'ob kp
(i/j")cxio-3 dyne/cm2
MW
POVAgedat355.5K,20tm
2
1.406
44.0
329.0
4
1.530
90.0
612.0
2032
6
1.679
145.0
923.0
-
8
1.861
240.0
1428.0
2134
10
1.996
414.0
1993.0
12
2.175
780.0
3023.0
2242
14
2.252
1200.0
3950.0
-
16
2.339
2200.0
6083.0
2358
20
2.484
3600.0
8679.0
-
22
2.549
6300.0
10610.0
2379
Coresfr mFebruary1993,Station#550+00or gi allplacedin82 Auto1.947
1200.0
4226.0
2904
MicroA
1.820
441.0
1650.0
2963
MicroB
1.733
394.0
1481.0
2975
MicroC
1.846
540.0
1991.0
2938
MicroD
1.883
568.0
2115.0
2925
a -Signifiesthvaluewereotdetermin d kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-3.Dickensi mo dSha rockAC-20POVndFielataa
DescriptionTime
days
CA
Voh kP
(1/J"fx10-3 dyne/cm2
MW
POVAgedat355.5K,20tm
2
1.050
29.0
187.0
4
1.256
41.0
254.0
4576
6
1.422
82.0
412.0
-
8
1.571
113.0
517.0
4730
10
1.625
125.0
637.0
•-
12
1.656
165.0
762.0
4904
14
1.747
286.0
1068.0
-
16
1.816
460.0
1232.0
5163
20
2.041
750.0
1761.0
-
22
2.116
960.0
1974.0
5299
Coresfr mFebruary1993,Station#458+00o gi allyplacedin82 Auto2.0466660.0
6720.0
3743
MicroA
1.670
714.0
1718.0
3775
MicroB
1.714
890.0
1858.0
3730
MicroC
1.728
830.0
1904.0
3724
MicroD
1.779
770.0
1752.0
3665
a -Signifiesthvaluewerotdetermin d kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
TableE-4.Dickensorch sterAC-20POVndFielataa
DescriptionTime
days
CA
V'oh kP
(1/J")cxl0-3 dyne/cm3
MW
POVAgedat355.5K,20tm
2
0.884
41.0
232.0
—
4
0.988
75.0
386.0
2692
6
1.123
178.0
679.0
-
8
1.286
231.0
908.0
2862
10
1.476
600.0
1394.0
-
12
1.561
1200.0
2114.0
3164
14
1.637
2900.0
2918.0
-
16
1.718
3000.0
3465.0
3087
20
1.856
8600.0
5462.0
-
22
1.977
10000.0
6395.0
3259
Coresfr mFebruary1993,Station#3 1+00origi allplacedin82 Auto1.875
2600.0
4437.0
3586
MicroA
1.881
596.0
1847.0
3264
MicroB
1.907
784.0
2172.0
3415
MicroC
1.978
750.0
2145.0
3249
MicroD
1.955
860.0
2437.0
3222
a -Signifiesthvaluwereotdetermined kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
TableE-5.DickensxxonAC-20POVandFielat a
DescriptionTime
days
CA
Voh kP
(1/J")cxl0-3 dyne/cm2
MW
POVAgedat355.5K,20tm
2
1.272
51.0
367.0
—
4
1.556
97.0
597.0
1993
6
1.369
107.0
504.0
-
8
1.899
288.0
1284.0
2147
10
1.960
483.0
1923.0
-
12
2.005
650.0
2256.0
2198
14
2.132
980.0
2963.0
-
16
2.197
1300.0
3443.0
2350
20
2.314
2800.0
5530.0
-
22
2.479
4200.0
7078.0
2482
Coresfr mFebruary1993,Station#322+00or gi allplacedin82 Auto1.943
470.0
2038.0
2637
MicroA
1.935
220.0
1111.0
2640
MicroB
1.918
185.0
1041.0
2739
MicroC-
1.835
200.0
1047.0
2645
MicroD
1.835
220.0
1109.0
2671
a -Signifiesthvaluewerotdeterm n d bMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-6.DickensMa MillanAC-20POVandFiet a
DescriptionTime
days
CA
»?;b kp
(i/j")cxio-3 dyne/cm3
MW
POVAgedat355.5I<,20tm
2
0.989
21.0
131.0
—
4
1.119
37.0
210.0
3185
6
1.186
70.0
342.0
-
8
1.269
85.0
408.0
3451
10
1.370
114.0
538.0
-
12
1.419
140.0
621.0
3638
14
1.472
250.0
791.0
-
16
1.544
360.0
968.0
3761
20
1.642
590.0
1235.0
-
22
1.726
580.0
1289.0
3923
Coresfr mFebruary1993,Station#270+00or gi allyplacedin82 Auto1.518
120.0
681.0
3827
MicroA
1.378
120.0
521.0
3751
MicroB
1.441
150.0
526.0
3816
MicroC
1.459
120.0
617.0
3761
MicroD
1.430
170.0
549.0
3839
a -Signifiesthvaluewereotdetermin d kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-7.PinelandCosdenAC-20OVanFi ldDat a
DescriptionTime
days
CA
Vob kP
(1/J"fx10-3 dyne/cm2
MW
POVAgedat333.3K,20tm
1
0.825
14.0
112.0
2
0.803
12.0
109.0
1728
3
0.837
14.7
133.0
-
5
0.964
17.2
149.0
1725
8
1.066
25.3
211.0
-
10
1.103
30.3
249.0
1806
14
1.128
38.0
307.0
-
16
1.243
40.6
320.0
1805
19
1.292
53.0
399.0
-
22
1.292
56.4
427.0
1882
Coresfr mMa ch1993,St tion#570+00o gi allypla edin
1983
Auto
0.710
5.0
45.6
1803
MicroA
0.706
5.8
55.3
1805
MicroB
0.734
7.6
71.1
1801
MicroC
0.718
6.1
57.3
1794
MicroD
0.740
6.0
55.8
1792
a -Signifiesthvaluewereotdetermin d bMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-8.PinelandDorchest rAC-20OVandFi lat a
DescriptionTime
days
CA
Vob kP
(i/J"fxio-3 dyne/cm^
MW
POVAgedat333.3K,20tm
1
0.769
4.28
39.8
2
0.820
5.44
49.0
1989
3
0.883
6.50
58.5
-
5
0.914
7.41
65.7
2020
8
0.979
11.2
94.5
-
10
1.010
11.2
95.5
2071
14
1.069
15.7
129.0
-
16
1.114
15.0
123.0
2122
19
1.156
19.9
169.0
-
22
1.173
22.0
156.0
2151
Coresfr mMa ch1993,St tion#510+00or gi allypla edin8 Auto0.858
10.6
85.2
2306
MicroB
0.954
14.5
108.0
2383
MicroC
0.949
16.0
119.0
2422
MicroD
0.861
10.6
84.3
2340
a -Signifiesthvaluewereotdetermin d kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-9.PinelandxxonAC-20OVandFiDat a
DescriptionTime
days
CA
Vob kP
(i/j"fx10-3 dyne/cm2
MW
POVAgedat333.3K,20tm
1
0.776
6.70
63.7
—
2
0.837
8.00
75.1
1695
3
0.939
9.80
94.8
-
5
1.088
12.0
114.0
1717
8
1.096
14.8
137.0
-
10
1.146
17.2
157.0
1752
14
1.305
20.0
183.0
-
16
1.300
21.7
197.0
1795
19
1.322
27.0
236.0
-
22
1.352
27.0
236.0
1817
Coresfr mMa ch1993,St tion#640+00o gi allypla ed
in1983
Auto
0.928
6.8
65.5
1844
MicroA
0.889
7.3
71.0
1842
MicroB
0.900
7.0
68.4
1840
MicroC
0.922
6.5
61.0
1829
MicroD
0.877
6.2
59.8
1837
a -Signifiesthvaluewereotdetermin d bMeasuredt333.3I<
cMeasuredt333.3Knd10rad/s
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TableE-10.PinelandMacMil anAC-20OVanFi dD t a
DescriptionTime
days
CA
Voh kP
(1/J")cxl0-3 dyne/cm3
MW
POVAgedat333.3K,20tm
1
0.753
6.20
52.8
—
2
0.800
8.25
67.6
2687
3
0.831
10.4
80.8
-
5
0.906
15.0
113.0
2769
8
0.953
21.0
146.0
-
10
1.014
26.0
174.0
2835
14
1.072
32.8
211.0
-
16
1.063
39.0
243.0
2853
19
1.140
45.0
270.0
-
22
1.161
47.4
286.0
2908
Coresfr mMa ch1993,St tion#557+00or gi allyplacedin83 Auto0.760
4.9
41.0
2835
MicroA
0.964
12.0
91.1
3086
MicroB
0.990
13.0
96.2
3106
MicroC
1.002
17.0
118.0
3154
MicroD
0.988
13.5
99.6
3148
a -Signifiesthvalueswereotdetermin d bMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-l .PinelandexacoAC-20OVanFi dDat
Description
Time days
CA
n*oh kP
(i/j")cxio-3 dyne/cm3
MW
POVAgedat333.
K,20atm 1
0.654
3.90
36.6
—
2
0.777
5.00
46.4
2021
3
0.774
5.80
52.8
-
5
0.868
7.70
69.5
2092
8
0.884
9.74
84.8
-
10
0.972
11.8
101.0
2117
14
1.060
13.1
112.0
-
16
1.081
15.8
130.0
2182
19
1.129
19.2
155.0
-
22
1.196
20.0
161.0
2236
Coresfr mMarch
1993,Station#285+00
originallyplacedin
1983
Auto
_
0.731
5.60
53.2
2005
MicroA
-
0.789
5.44
50.1
2129
MicroB
-
0.755
4.32
41.0
2052
MicroC
-
0.736
4.80
45.0
2071
MicroD
—
0.723
4.30
39.8
2103
a -Signifiesthvaluewereotdetermin d kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-12.BryanxxoAC- 0#8gi gDataa
DescriptionTime
days
CA
Voh kP
(1/J"fx10-3 dyne/cm3
MW
RTFO0
0.588
5.550
53.7
1827
POVAgedat344.4K,20tm
4
1.095
18.7
171.0
—
8
1.261
29.6
246.0
1856
12
1.373
46.9
369.0
-
17
1.632
83.0
597.0
2008
24
1.814
144.0
945.0
--
28
1.855
165.0
1081.0
2091
33
1.985
330.0
1792.0
-
36
2.075
397.0
2031.0
2175
44
2.235
706.0
3029.0
POVAgedat355.5K,20tm
2
0.995
16.9
152.0
—
4
1.223
31.2
263.0
-
6
1.407
44.5
363.0
-
8
1.430
58.5
455.0
-
10
1.646
-
-
-
12
1.647
129.0
872.0
-
14
1.807
134.0
908.0
16
1.855
262.0
1504.0
-
21
2.090
-
3740.0
-
22
2.113
—
2690.0
--
a -Signifiesthvalueswereotdetermin d kMeasuredt333.3K
cMeasuredt333.3Kn10rad/s
510
TableE-13.BryanxxoAC-20# 5gi gDataa
DescriptionTime
days
CA
V*oh kP
(1/J")cxl0-3 dyne/cirr
RTFO0
0.617
5.470
53.8
POVAgedat344.4K,20tm
4
1.112
16.8
152.0
8
1.236
24.8
225.0
12
1.444
37.0
324.0
17
1.657
71.0
581.0
24
1.848
98.0
735.0
28
1.921
112.0
918.0
33
1.984
207.0
1400.0
36
2.117
265.0
1630.0
40
2.103
345.0
1960.0
44
2.143
440.0
2380.0
a -Signifiesthvaluwereotdetermined kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-14.BryanxxoAC-20# 6gi gDataa
DescriptionTime
days
CA
Vob kP
(1/J"fx10~3 dyne/cm3
POVAgedat344.4K,20tm
4
1.096
16.4
153.0
8
1.215
24.4
219.0
12
1.395
35.5
308.0
17
1.640
64.1
514.0
24
1.839
100.0
723.0
28
1.822
113.0
857.0
33
1.974
185.0
1270.0
36
2.038
250.0
1630.0
40
2.086
321.0
1930.0
44
2.235
420.0
2310.0
a -Signifiesthvaluewereotdetermin d kMeasuredt333.3K
cMeasuredt333.3Knd10rad/s
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TableE-15.BryanxxoAC-20# 8gi gDataa
DescriptionTime
days
CA
*loh kP
(1/J")cxl0-3 dyne/cm^
RTFO0
0.642
4.84
47.5
POVAgedat344.4K,20tm
4
1.076
16.3
150.0
8
1.234
23.8
213.0
12
1.342
31.7
276.0
17
1.625
60.0
497.0
24
1.719
88.0
683.0
28
1.849
100.0
781.0
33
1.964
173.0
1820.0
36
2.086
240.0
1550.0
40
2.173
298.0
1830.0
44
2.258
423.0
2270.0
POVAgedat355.5K,20tm
2
1.026
14.5
136.0
4
1.173
24.3
216.0
6
1.398
34.9
300.0
8
1.435
43.1
368.0
10
1.587
64.8
533.0
12
1.694
92.0
701.0
14
1.733
91.0
678.0
16
2.026
167.0
1130.0
21
1.946
300.0
1780.0
22
2.104
—
1940.0
a -Signifiesthvaluewereotdetermin d bMeasuredt333.3K
cMeasuredt333.3I<and10rad/s
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TableE-16.BryanxxoAC-20# 9gi gDataa
DescriptionTime
days
CA
V'oh kP
(i/J"Yx10-3 dyne/cm3
RTFO0
0.604
5.60
54.9
POVAgedat344.4K,20tm
4
1.093
16.8
155.0
8
1.306
25.0
220.0
12
1.378
34.0
293.0
IT
1.612
68.0
535.0
24
1.667
91.8
699.0
28
1.785
117.0
882.0
33
1.900
188.0
1280.0
36
1.979
276.0
1700.0
40
2.051
323.0
1870.0
44
2.251
453.0
2430.0
a -Signifiesthvaluwereotdetermined bMeasuredt333.3I<
cMeasuredt333.3Knd10rad/s
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TableE-17.BryanxxoAC-20#1Bgi gDataa
DescriptionTime
days
CA
Voh kP
(i/J")cxio~3 dyne/cm2
RTFO0
0.575
5.32
52.1
POVAgedat344.4I<,20tm
4
1.033
18.0
157.0
8
1.217
29.3
246.0
12
1.309
34.7
283.0
17
1.515
78.8
573.0
24
1.644
102.0
703.0
28
1.887
140.0
940.0
33
1.820
224.0
1340.0
36
1.974
369.0
1890.0
40
2.003
390.0
1970.0
44
2.083
600.0
2600.0
POVAgedat355.5K,20tm
2
1.039
16.4
143.0
4
1.243
28.0
239.0
6
1.367
42.0
337.0
8
1.450
46.0
379.0
10
1.552
82.0
594.0
12
1.714
121.0
808.0
14
1.744
140.0
960.0
16
1.800
183.0
1170.0
21
2.016
-
2270.0
22
2.014
—
2250.0
a -Signifiesthvalueswereotdetermined bMeasuredt333,3K
cMeasuredt333.3Kan10rad/s
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Table E-18. Bryan Texas Field Aginga
Description V*oh
kP
(1 / J")C X 10"3
dyne / cm2
MW
Hot Mix from Asphalt originally placed in 1987
# 1518r 0.656 — — 1693
# 1518 0.639 - - 1766
# 1517 0.749 - - 1774
# 1413 0.659 - - 1804
# 1394 0.706 - - 1738
# 1385 0.742 - - 1799
Cores from 1989 that were placed in 1987
# 1394 t 0.880 — _ 1922
# 1394 m 0.939 - _ 1844
# 1394 b 1.113 - - 1951
# 1277 b2 0.876 8.50 82.4 1788
# 1277 m3 0.988 8.20 80.6 1841
# 1277 t3 0.940 11.4 110.0 1752
# 1277 bl 0.888 7.00 68.9 1783
Cores from 1992 that were placed in 1987
# 1518 m2 1.007 15.0 142.0 1951
# 1483m b3 1.230 24.3 226.0 1908
# 1483m tl 1.118 13.0 123.0 1742
# 1483r m2 1.094 15.5 148.0 1868
# 1465 bl 1.256 45.3 386.0 2066
# 1465 m3 1.297 22.5 210.0 1949
# 1394 bl 1.249 30.0 273.0 1906
# 1394 ml 1.078 15.8 151.0 1855
# 1394 t3 1.044 20.8 190.0 1915
# 1295 b3 1.033 14.0 135.0 1809
# 1295 t3 1.212 30.2 268.0 1883
# 1277 m4 1.079 18.2 170.0 1941
a
- Signifies the values were not determined
b Measured at 333.3 K
c Measured at 333.3 K and 10 rad/s
RlDETECTORRESPONSE
mV/gram
RETENTIONTIMEMINU S
FigureE-l.GPCsoffield-agedD ckensCosd nAC-20extract dasphaltfrom #5504*00.CoredFeb uary,1993
517
RlDETECTORRESPONSE
mV/gram
FigureE-2.GPCsoffield-ag dDickensamondShamrockA -20extra teda ¬ phaltfrom#458+00.C redFebruary,1993.
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RlDETECTORRESPONSE
mV/gram
RETENTIONTIMEMINU S
FigureE-3.GPCsoffield-agedD ckenorch st rAC-20extracteasphaltr m #391+00.CoredFeb uary,1 93.
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RlDETECTORRESPONSE
mV/gram
FigureE-4.GPCsoffield-ag dDickensExxonAC-20extractedsphaltfrom #322-f00.CoredFebruary,1993
520
RlDETECTORRESPONSE
mV/gram
FigureE-5.GPCsoffield agedDickenMa MillanAC-20extracteasph ltr m #270-f00.CoredFeb uary,1993.
RlDETECTORRESPONSE
mV/gram
RETENTIONTIMEMINU S
FigureE-6.GPCsoffield-agedPinelanCosd nAC-20xtractedasphaltfr m #590+00.CoredMarch,1 93.
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RlDETECTORRESPONSE
mV/gram
FigureE-7.GPCsoffield-agedPinelanDorchest rAC-20xtract dasphalt from#5104-00.C redMarch,1993.
RlDETECTORRESPONSE
mV/gram
FigureE-8.GPCsoffield-agedPinelandExxonAC-20extractedasphaltfr m #640+00.CoredMarch,1993.
Cn
to
RlDETECTORRESPONSE
mV/gram
RETENTIONTIMEMINU S
FigureE-9.GPCsoffield-ag dPinelanMacMillanAC-20xt actedsphaltfrom #557+00.CoredMarch,1993.
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RlDETECTORRESPONSE
mV/gram
FigureE-10.GPCsoffield-ag dPinelanTex coAC-20extra tedasphaltfr m #285+00.CoredMarch,1993
526
RlDETECTORRESPONSE
mV/gram
FigureE-ll.GPCsoffield-agedBryanxxoAC-20extractedasphaltfr m #1277.CoredNovember,992
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RlDETECTORRESPONSE
mV/gram
RETENTIONTIMEMINU S
FigureE-12.GPCsoffield-agedBryanxxoAC- 0e tract dasphaltr m #1394.CoredNovember,1992.
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RlDETECTORRESPONSE
mV/gram
FigureE-13.GPCsoffield-agedBryanxxoAC-20e tractedasphaltf m #1483.CoredNovember,992
529
Rl
DETECTORRESPONSE
mV/gram
FigureE-14.GPCsoffield-ag dBryanxxoAC-20ext actedsphaltf om #1518,295and465.CoreNovember,992.
530
RlDETECTORRESPONSE
mV/gram
FigureE-15.GPCsofBryanxxoAC-20e tractedhot-mixfro#1385,94 #1413,5 7and1518.Obt i e1987.
RlDETECTORRESPONSE
mV/gram FigureE-16.GPCsofneatandPOV-ag dD ck nCosdenAC 20t355.5K 20atm.
Cn 00
RlDETECTORRESPONSE
mV/gram
FigureE-17.GPCsofneatandPOV-agedDick niamo dSh r ckAC 20t 355.5Kand20tm.
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RlDETECTORRESPONSE
mV/gram
FigureE-18.GPCsofneatandPOV-agedDick norchest rAC 20355.5K and20tm.
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RlDETECTORRESPONSE
mV/gram
FigureE-19.GPCsofneatandPOV-agedDick nsxxonAC 20t355.5K 20atm.
535
RlDETECTORRESPONSE
mV/gram
FigureE-20.GPCsofneatandPOV-agedDick nMa Mill nAC 2t355.5K and20tm.
RlDETECTORRESPONSE
mV/gram
FigureE-21.GPCsofneatandPOV-agedinelanCosdenAC-20t333.3K 20atm.
537
RIDETECTORRESPONSE
mV/gram
FigureE-22.GPCsofneatandPOV-agedinelanDorch st rAC- 0333.3K and20tm.
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RETENTIONTIMEMINU S
FigureE-23.GPCsofneatandPOV-agedinelanExxoAC 20t333.K 20atm.
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RlDETECTORRESPONSE
mV/gram
FigureE-24.GPCsofneatandPOV-agedinelanMacMillanAC 20t333.3K and20tm.
540
RlDETECTORRESPONSE
mV/gram
FigureE-25.GPCsofneatandPOV-agedPinel nTexacoAC 0t333.3Kand 20atm.
FigureE-26.GPCsofneatandPOV-agedBry nxxo#8AC 20t344.4K 20atm.
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(1/J”)(333.3K,10rad/s)dyne/cm
CM
10°p—i—i—i—i—|—r—i—i—i—|—i—i—i—i—|—i—i—r COSDENAC-20 DICKENS,TEXAS ORIGINALLYPLACED1982
T1—3
10
7 _
106- 105r
•
NEAT
—e—
-POV-AGED
s
1993CORES #550+00
y=6513*eA(2.886x)R0.9972
10
4I■1iL
1
IL
JL
0.5
1.52 CARBONYLEA
2.5
FigureE-27.Comparisonsbetwee(1/J")t333.3K,0r d/ndAofn at,POV-(355.5K,20atm),ndfield-aged(# 5 +00,February1993)DickensCosdenAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
FigureE-28.Comparisonsbetwee(1/J")at333.3K,10rad/sndAofn at, POV-(355,5K,20atm),ndfield-aged(# 22+00February1993) DickensExxonAC-20.
Qi
(1/J”)(333.3K,10rad/s)dyne/cm
CARBONYLA EA
FigureE-29.Comparisonsbetwee(1/J")t333.3K,10r d/ndAofn at,POV-(355.5K,20atm),ndfield-aged(#27 +00,February1993)DickensMacMillanAC-20.
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(1/J”)(333.3K,10rad/s)dyne/cm
CM
107 106 10s 104
;—r—ii—i—|—i—r—-i—i—|—i i—i—i—-j-——i1 i | i i r ! DIAMONDSHA ROCKAC-20® DICKENS,TEXAS ORIGINALLYPLACED1982 •NEAT —e—-POV-AGED H1993CORES #458+00 y=1.258e+04*eA(2.4 4x)R0.9 52 ■»1II«L
0.512 CARBONYLA EA
FigureE-30.Comparisonsbetwee(1/J")t33 .3K,1r d/sndAofn at, POV-(355.5K,20atm),ndfield-aged(#458+00,February1993)Dickensiamo dSh rockAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
107r
CM
106r 10
t—|—1—«—i—i—r DORCHESTERA -20 DICKENS,TEXAS ORIGINALLYPLACED1982
105r
•
NEAT
—e—
-POV-AGED
□
1993CORES #391+00
JL
T1I
y=1.913e+04*eA(3. 07x)R0.989
_L
JL
1
■»
0.51 CARBONYLA EA
FigureE-31.Comparisonsbetwee(1/J")t33 .3K,10rad/sandAofn at, POV-(355.5K,20atm),ndfield-aged(#391+00,February1 93) Dickensorch sterAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
CARBONYLA EA
FigureE-32.Comparisonsbetwee(1/J")t33 .3K,10r d/sandAofn at,POV-(333.3K,20atm),ndfield-aged#59 +00M rch1 93)PinelandCosdenAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
CARBONYLA EA
FigureE-33.Comparisonsbetwee(1/J")t33 .3K,0r d/sandAofn at, POV-(333.3K,20atm),ndfield-aged#51 -f00,M rch1993)PinelandDorchesterAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
CARBONYLA EA
FigureE-34.Comparisonsbetwee(1IJ")t333.3K,10r d/sandAofn at,POV-(333.3K,20atm),ndfield-aged#64 +00,M rch1993)PinelandExxoAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
CARBONYLA EA
FigureE-35.Comparisonsbetwee(1/J")t333.3K,10r d/andAofn at, POV-(333.3K,20atm),ndfield-aged#5574-00,M rch1993) PinelandMacMillanAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
CARBONYLA EA
FigureE-36.Comparisonsbetwee(1/J")at33 .3K,10rad/sndAofn at, POV-(333.3K,20atm;,ndfield-aged#285+00March1993)PinelandTexacoAC-20.
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(1/J")(333.3K,10rad/s)dyne/cm
FigureE-37.Comparisonsbetwee(1/J")at33 .3K,10rad/sndAofn at, RTFO,POV-(344.4K,20atm)ndfield-agedBry nExxoAC 20.
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(333.3K)POISE
10 10
6 _
10
5 -
10
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10
COSDENAC-20 DICKENS,TEXAS ORIGINALLYPLACED1982 ISI a § NEAT —e—-POV-AGED 1993CORES #550+00
y=3.564e-78*xA(24. 9)R0.9042 « —*
1000
2000345 MOLECULARWEIGHT
FigureE-38.Comparisonsbetweerj*0t33 .3KandMWofn at,POV-( 55.5, 20atm),ndfield-aged(#550-1-00,February1993)DickensCosd n AC-20.
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(333.3K)POISE
107 106 10s
o
*
pr
104 103*— 1000 FigureE-39.
T
T
EXXONAC-20 DICKENS,TEXAS ORIGINALLYPLACED1982 •NEAT —e—-POV-AGED IS1993CORES
-
#322+00
-
y=2.014e-51*xA(16.88)R0.9942
ji 2000345 MOLECULARWEIGHT
Comparisonsbetweerf*0at333.3KndMWfn at,POV-( 55 5 K,20atm),ndfield-aged(#3224-00February1993)DickensExxon AC-20.
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(333.3K)POISE
MOLECULARWEIGHT
FigureE-40.Comparisonsbetweer)*0t333.3KandMWofn at,POV-(355 5, 20atm),ndfield-aged(#27 +00February1993)DickensMacMil¬ lanAC-20.
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(333.3K)POISE
MOLECULARWEIGHT
FigureE-41.Comparisonsbetweejjqat333.3KndMWfn at,POV-( 55.5, 20atm),ndfield-aged(#458+00,February1993Dickensiamo ShamrockAC-20.
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FigureE-42.Comparisonsbetwee7)qt333.3KandMWfn at,POV-(355.5, 20atm),ndfield-aged(#391+00F bruary1 93Dickensorch¬ esterAC-20.
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FigureE-43.Comparisonsbetweerjm0t333.3KandMWofn at,POV-(33 .3 K,20atm),ndfield-aged(#59 +00,M rch1 93)PinelandCosden AC-20.
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FigureE-44.Comparisonsbetweerf*0t333.3KandMWofn at,POV-( , 20atm),ndfield-aged(#51 +00M rch1993)PinelanDorchester AC-20.
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FigureE-45.Comparisonsbetweerj*0at333.3KndMWfneat,POV-(333.3 K,20atm),ndfield-age(#640+00,March1993Pinel dExxon AC-20.
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FigureE-46.Comparisonsbetweer/£at333.3KndMWfn at,POV-( , 20atm),ndfield-aged(#557+00,March1993Pinel nacMillan AC-20.
(333.3K)POISE
MOLECULARWEIGHT
FigureE-47.Comparisonsbetwee?/Jt333.3KandMWofn at,RTFOPOV- (344.4K,20atm),ndfield-agedBryanExxoAC-20.
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ABSORBANCE
FigureE-48.IRspectraoffield-agedDick nsCo denAC-20extraasphaltr m #550+00.CoredFebruary,1993.
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ABSORBANCE
0.15
DICKENS COSDENAC-20
19007531907 WAVENUMBERcm1
FigureE-49.IRspectraofn atandPOV-agedD ck nsCo denAC-20355.5K and20tm.
cn
Oi
ABSORBANCE
FigureE-50.IRspectraoffield-agedD ck nsMa MillanAC-20extra t dasph lt from#270+00.C redFeb uary,1993.
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0.15
DICKENS MACMILLANA -20 POV-AGED
19007531907 WAVENUMBERcm'1
FigureE-51.IRspectraofneatandPOV-agedDick nsMacMill nAC 2035 .5 Kand20tm.
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ABSORBANCE
FigureE-52.IRspectraoffield-agedDick nsiamo dSh ro kAC 20extr cte asphaltfrom#458+00.C redFeb uary,1993.
ABSORBANCE
0.15
DICKENS
DIAMONDSH ROCKAC-20
0.1- 0.05-
°T“ 1900
POV-AGED
355.5K,20ATM
1700531907 WAVENUMBERcm'1
FigureE-53.IRspectraofn atandPOV-agedDick nsiamoSh rockAC 20 at355.5Knd20m.
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FigureE-54.IRspectraoffield-agedDick nsDor hesterAC-20extraa halt from#391+00.CoredFeb uary,1 93.
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FigureE-55.IRspectraofn atandPOV-agedDick nsorch s rAC-2035 .5 Kand20tm.
ABSORBANCE
FigureE-56.IRspectraoffield-agedP nelanCo d nAC-20xtrac edasphalt from#590+00.C redMarch,1 93
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FigureE-57.IRspectraofn atandPOV-agedinel nCo denAC 20333.3K and20tm.
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ABSORBANCE
FigureE-58.IRspectraoffield-agedPinelanDorchest rAC-20extra dasphalt from#510-1-00.C redMarch,1993.
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FigureE-59.IRspectraofn atandPOV-agedinel nDorchestAC 20333.3 Kand20tm.
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ABSORBANCE
FigureE-60.IRspectraoffield-agedPinelanExxonAC-2extr cta haltfrom #640+00.CoredMarch,1993.
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FigureE-61.IRspectraofn atandPOV-agedinel nxxoAC 20t333.3K and20tm.
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ABSORBANCE
FigureE-62.IRspectraoffield-agedPinelanMacMillanAC- 0extr tasph lt from#557+00.C redMarch,1993
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FigureE-63.IRspectraofneatandPOV-agedinel nMacMillanAC 20t333. Kand20tm.
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ABSORBANCE
FigureE-64.IRspectraoffield-agedPinelandT x coAC 20e tr ta halt from$285-f00.CoredMarch,1993
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FigureE-65.IRspectraofn atandPOV-agedinelanTex oAC 20333.3K and20tm.
ABSORBANCE
FigureE-66.IRspectraoffield-agedBryanxxoAC-20extr easphaltr m #1277.CoredNovember,1992.
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FigureE-67.IRspectraofn atandPOV-agedBry nxxo#8AC 20344.4 Kand20tm.
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Table E-19. Kinetic Data for
Dickens Cosden AC-10a
Time 333.3 I< 344.4 I< 355.5 I<
CA CA CA
1 0.675 — —
2 - - 1.240
4 0.846 0.973 1.423
6 0.899 - 1.567
8 ~ 1.124 1.674
9 1.017 -■ -
10 - - 1.810
12 - 1.300 2.058
14 1.112 - ' 2.066
16 - 1.385 2.209
20 - 1.439 2.284
22 - - 2.383
24 - 1.614 -
28 1.334 - -
35 1.379 ... —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-20. Kinetic Data for
Dickens Cosden AC-20a
Time 333.3 I\ 344.4 K 355.5 I\
CA CA CA
1 0.729 - —
2 - - 1.131
4 0.910 1.045 1.348
6 0.984 - 1.781
8 — 1.265 1.606
9 1.087 - -
10 - - 1.748
12 - 1.388 1.900
14 1.189 - 1.976
16 - 1.487 2.061
20 - 1.580 2.449
22 - - 2.644
24 - 1.776 -
28 1.366 - -
35 1.481 — —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-21. Kinetic Data for
Dickens Diamond Shamrock AC-20a
Time 333.3 K 344.4 K 355.5 I<
CA CA CA
1 0.638 - —
2 - - 1.105
4 0.910 1.073 1.256
6 1.016 - 1.422
8 - 1.212 1.571
9 1.121 - -
10 — - 1.624
12 - 1.360 1.656
14 1.219 - 1.747
16 - 1.421 1.816
20 - 1.503 2.041
22 - - 2.116
24 • 1.593 -
28 1.414 - -
35 1.427 — —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-22. Kinetic Data for
Dickens Dorchester AC-20a
Time 333.3 I< 344.4 K 355.5 K
CA CA CA
1 0.522 - —
2 - - 0.884
4 0.679 0.753 0.988
6 0.732 - 1.122
8 - 0.954 1.286
9 0.812 - -
10 - - 1.476
12 - 0.990 1.561
14 0.920 - 1.637
16 - 1.096 1.718
20 - 1.216 1.856
22 - - 1.977
24 - 1.276 -
28 1.039 - -
35 1.151 - —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-23. Kinetic Data for
Dickens Exxon AC-20a
Time 333.3 K 344.4 K 355.5 K
CA CA CA
1 0.764 — —
2 - - 1.272
4 1.002 1.112 1.556
6 1.042 - 1.368
8 - 1.294 1.899
9 1.145 - -
10 - - 1.960
12 - 1.477 2.005
14 1.282 - 2.132
16 — 1.557 2.197
20 - 1.657 2.314
22 - - 2.479
24 - 1.791 -
28 1.517 - -
35 1.575 - —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-24. Kinetic Data for
Dickens MacMillan AC-20a
Time 333.3 I\ 344.4 I< 355.5 I<
CA CA CA
1 0.621 — —
2 - - 0.989
4 0.722 0.842 1.119
6 0.785 - 1.188
8 - 0.957 1.269
9 0.830 - -
10 - - 1.370
12 - 1.025 1.452
14 0.890 - 1.472
16 - 1.110 1.544
20 - 1.180 1.642
22 - - 1.726
24 - 1.234 -
28 1.040 - -
35 1.124 — . —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-25. Kinetic Data for
Pineland Cosden AC-20a
Time 333.3 K 344.4 I< 355.5 K
CA CA CA
1 0.815 — —
2 0.807 - 1.025
3 0.834 — -
4 - 1.004 1.224
5 0.964 — -
6 — — 1.471
8 1.066 1.224 1.558
10 1.102 - 1.687
12 - 1.257 1.810
14 1.128 - -
16 1.243 1.493 -
19 1.294 - -
20 - 1.612 -
22 1.292 - -
24 — 1.661 -
a POV aged at 20 atm.
- Signifies values were not determined
Table E-26. Kinetic Data for
Pineland Dorchester AC-20a
Time 333.3 K 344.4 I\ 355.5 I\
CA CA CA
1 0.769 — —
2 0.820 - 0.981
3 0.878 - -
4 - 0.915 1.112
5 0.964 - -
6 — - 1.257
8 0.980 1.098 1.436
10 1.010 - 1.562
12 - 1.188 1.664
14 1.069 -
16 1.114 1.265 -
19 1.156 - -
20 - 1.436 -
22 1.173 - -
24 — ■ 1.492 —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-27. Kinetic Data for
Pineland Exxon AC-20a
Time 333.3 K 344.4 I< 355.5 I\
CA CA CA
1 0.776 — —
2 0.839 —. 1.105
3 0.943 - —
4 — 1.067 1.213
5 1.088 — —
6 - - 1.348
8 1.096 1.287 1.555
10 1.146 - 1.696
12 - 1.356 1.802
14 1.305 - —
16 1.300 1.563
19 1.322 - -
20 - 1.671 -
22 1.352 - -
24 — 1.722 —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-28. Kinetic Data for
Pineland MacMillan AC-20a
Time 333.3 K 344.4 K 355.5 I<
CA CA CA
1 0.750 — —
2 0.816 - 0.996
3 0.849 - -
4 - 0.909 1.064
5 0.905 - -
6 - - 1.195
8 0.953 1.091 1.339
10 1.014 - 1.497
12 - 1.194 1.562
14 1.046 - -
16 1.063 1.279 -
19 1.140 - -
20 - 1.357 -
22 1.161 - -
24 — 1.418 —
a POV aged at 20 atm.
- Signifies values were not determined
Table E-29. Kinetic Data for
Pineland Texaco AC-20a
Time 333.3 K
CA
344.4 K
CA
355.5 K
CA
1 0.682 — ■ —
2 0.777 — 0.969
3 0.774 - —
4 - 0.930 1.102
5 0.868 - —
6 - 1.268
8 0.884 1.103 1.414
10 0.972 - 1.611
12 - 1.220 1.697
14 1.060 - -
16 1.081 1.320 -
19 1.148 - -
20 — 1.426 -
22 1.196 - -
24 — 1.468 —
a POV aged at 20 atm.
- Signifies values were not determined
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Table E-30. tqa and CA0 of Dickens
and Pineland *Asphaltsa
Location Asphalts rCA x102 CA„
333.3
CA/day
344.4
CA/day
355.5
CA/day
333.3
CA
344.4
CA
355.5
CA
Dickens
' Cosden AC-10 1.426 3.024 6.348 0.904 0.882 1.173
Cosden AC-20 1.457 3.358 6.672 0.968 0.953 1.301
D.S.b AC-20 1.213 2.525 5.192 1.035 1.007 1.064
Dorchester AC-20 1.197 2.505 6.068 0.723 0.697 0.783
Exxon AC-20 1.644 3.261 6.378 1.026 1.025 1.217
MacMillan AC-20 1.118 1.934 3.866 0.731 0.787 0.952
Pineland
Cosden AC-20 1.811 3.348 7.712 0.919 0.906 0.923
Dorchester AC-20 1.457 2.842 7.065 0.867 0.835 0.841
Exxon AC-20 1.847 3.308 7.340 0.980 0.981 0.939
MacMillan AC-20 1.433 2.449 6.106 0.850 0.865 0.848
Texaco AC-20 1.859 3.016 7.592 0.790 0.838 0.812
a POV aged at 20 atm.
b D.S. represents Diamond Shamrock
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APPENDIX F
LABORATORY AND FIELD COMPARISON PROGRAMS
£****************************************************************************
c
Minimum Theoretical Time
This program determines the minimum theorectical time to reach
a measured core carbonyl content. No diffusion resistances are
included. The user must supply the regions climatic data.
c
c
c
c
c
c
C****************************************************************************
c
integer nmax
parameter (nmax = 100, nmax2 = 200)
c
integer i, j , n, numtemp, numas, numpres
integer ii, iii, inc, nn, n2pl
real*4 y(nmax), kp
real*4 p_es, tol
real*4 alpha, a, e_a, r2
real*4 s, beta
character*8 asphalt
character*12 outputfile, datafile
common /temper/ temp_mean, amp, omega
common /kev/ a, e_a, r2
common /tempdep/ kp
common /constants/ alpha, s, beta
common /blockc/ tol
common /blocki/ p_es
c
write(*,*) 'Enter your output file name'
read(*,'(a)’) outputfile ,
write(*,*) 'Enter your data file name'
read(*,'(a)') datafile
c
open(unit=8,file=datafile ,status=’old')
open(unit=9,file=outputfile ,status='unknown')
c
read(8,*) numas
read(8,*) p_es , tol, alpha
read(8,*) temp_min, temp.max
temp_mean = (temp_min + temp_max)/2.0
amp = temp_mean - temp_min
pi = 3.1415
omega = 2.0*pi/365.0
n = 1
r2 = 8.314
do 20 i = 1, numas , 1
read(8,'(a)') asphalt
read(8,*) a, e_a
read(8,*) s, beta
read(8,*) ca_fail
595
call kevin (n, y, ca_fail, p_es, time_fail)
write(9,1575) asphalt, ca_fail, time_fail
20 continue
c
c****************************************************************************
c
1575 formatC* *,4x,’No Diffusion Resistance’,
+ /,5x,* asphalt = *,a8,
+ /,5x,’ca_fail -’,fl0.4,’ K’,
+ /,5x,*time_fail =’,fl0.2,* days’,/)
c
stop
end
c
c****************************************************************************
c
subroutine kevin (n, y, ca_fail, p_es, time_fail)
c
integer n, ido, istep, nflag
real*4 t, y(n), param(50), tend
real*4 tol, ca_fail, alpha, s, beta, time_fail
common /blockc/ tol
common /constants/ s, beta, alpha
c
external sset, ivprk, equationl
call sset(50, 0.0, param, 1)
param(4) = 20000
c
y(l) = s*(p_es**beta)
ido =1
istep = 0
nflag = 0
t = 0.0
20 continue
if(t.It.10.0) then
istep = istep+1
goto 3000
endif
istep = istep + 20
c
3000 continue
tend = float(istep)
call ivprk(ido, n, equationl, t, tend, tol, param, y)
call tempeal (t, temp)
if(y(1).ge.ca_fail) then
nflag = 1
endif
if(nflag.eq.0) then
goto 20
endif
c
596
4000 continue
ido = 3
tend = float(istep)
call ivprk(ido, n, equationl, t, tend, tol, param, y)
time_fail = t
return
end
c
C*****************************************************************************
c
subroutine equationl (n, t, y, yprime)
c
integer n
real*4 t, y(n) , yprime(n)
real*4 p_es, car
common /blocki/ p_es
c
call tempcal(t, temp)
call rates(p_es, car)
yprime(l) = car
return
end
c
c****************************************************************************
c
subroutine rates (p_es, car)
c
real*4 alpha, kp, car, t
real*4 s, beta
common /tempdep/ kp
common /constants/ s, beta, alpha
c
car = kp*(p_es**alpha)
return
end
c
c****************************************************************************
c
subroutine tempcal (t, temp)
c
real*4 t, temp, amp, temp_mean
real*4 a, e_a, r2, c, rl, hs_o, m_o, gamma, delta
real*4 temp_o, kp, conv, hs, m
common /temper/ temp_mean, amp, omega
common /kev/ a, e_a, r2
common /tempdep/ kp
c
temp = temp_mean + amp*cos(omega*t)
kp = a*exp(-e_a/(r2*temp))
return
end
C a|e*4c ife* J*c %* * % ♦** * ** jfc j|c*$ 4c * $ * % *** % £* j|c if £* 34c * $ *#*% i|c i(c 41 % i|c % * % s£i|c* 4c * jft jfc % i|c £$ ^c ifc $ if afc if % if if if $ if 4c
C
c Estimation of "L_ef" from field data
c
c
c This program estimates "L_efM by comparing values of average
c carbonyl content with measured carbonyl from field aging,
c
C***lflf**3f*3f****************1f****#***#3f******************************* If*******
c
integer nmax
parameter (nmax = 100, nmax2 = 200)
c
integer i, j, n, numtemp, numas, numpres
integer ii, iii, inc, nn, n2pl
real*4 y(nmax), z(nmax2), length, kp, conv
real*4 p_es, tol, delx, diff, fact
real*4 alpha, a, e_a, temp, rl, r2, c
real*4 adif, bdif, hs, m, s, beta, ca_i
real*4 m_o, hs_o, temp_o, vis_fail
character*8 asphalt
character*12 outputfile, datafile, sumfile, avgfile
common /temper/ temp_mean, amp, omega
common /kev/ a, e_a, r2, c, rl, hs_o, m_o, gamma,
+ delta, temp_o
common /tempdep/ kp, conv, hs, m
common /constants/ alpha, adif, bdif, s, beta
common /blockc/ tol
common /blockd/ inc, nn
common /blockt/ length, delx
common /blocki/ p_es, delxsq, fact_i
common /pinel/ decay
c
write(*,*) 'Enter your output file name’
read( *, ’ (a) ’) outputfile
write(*,*) ’Enter your data file name’
read(*,’(a)’) datafile
write(*,*) ’Enter your summary file name’
read(*,’(a) ') sumfile
write(*,*) ’Enter your average file name'
read(*,’(a)’) avgfile
c
open(unit=8,file=datafile ,status=’old')
open(unit=9,file=outputfile ,status^unknown’)
open(unit=10,file=sumfile ,status='unknown')
open(unit=ll,file=avgfile , status='unknown’)
c
read(8,*) numas, p_es
read(8,*) tol, n
read(8,*) alpha, adif, bdif, temp_o
read(8,*) temp_min, temp_max, time_max
598
c
temp_mean = (temp_min + temp_max)/2.0
amp = temp_mean - temp.min
pi = 3.1415
omega = 2.0*pi/365.0
adif * adif*(3600.0)*(24.0)
c = 6.56e-4
rl = 82.057
r2 = 8.314
n2pl = (2*n) + 1
iflag = 0
c
do 20 i = 1, numas , .1
read(8,’(a)’) asphalt
read(8,*) a, e_a
read(8,*) s, beta, hs_o, m_o, gamma, delta
read(8,*) length, decay
delx = length/float(n)
delxsq = delx**2
inc = n/5
nn = n - (inc/2)
m_o = log(m_o)
t = 0.0
call propinit (length, t, diff_i, ca_i, temp)
fact_i = (diff_i/delxsq)
write(9,800) asphalt
write(9,1200) tol, length, p_es, temp, delx
write(9,1300) alpha, a, e_a, c, rl, r2, kp, conv
write(9,1400) adif, bdif, hs_o, m_o, temp_o,
+ gamma, delta, beta, s
write(9,1500) temp, hs, m, diff_i, fact_i
write(10,1600) asphalt, temp, p_es, diff_i
ca_dif = ca_fail - ca_i
call kevin (n, y, n2pl, z, ca_dif, iflag, p_es,
+ time_max)
iflag = 1
20 continue
c
c****************************************************************************
c
800 format(' * ,/,5x,* asphalt = *,a8,/)
1200 format(' ^^x.'tol = ’.lpell^,’ dimensionless’,
+ /,5x,’length = ’,0pfl0.4,' m’,
+ /,5x,’p_es = ’,fl0.4,’ atm’,
+ /,5x,’temp = ’,fl0.4,’ K’,
+ /,5x,’delx = ’lpel0.4,’ m’,/)
1300 format(’ ’,4x,’alpha = ’,fl0.4,’ dimensionless’,
+ /,5x,’a = ’,lpel0.4,’ CA/day atm“alpha’,
+ /,5x,’e_a = ’,0pfl0.1,’ J/mol’,
+ /,5x,’c = ’,lpel0.4,’ mol/cm“3 CA’,
+ /,5x,’rl = ’,0pfl0.4,’ cm“3 atm/mol K’,
+ /,5x,*r2 = *,f10.4,* J/mol K*,
+ /,5x,*kp = *,lpel0.4,* CA/day atnTalpha',
+ /,5x,*conv = *,el0.4,* atm/CA*,/)
1400 formatC* *,4x,*adif = *,lpel0.4,* nT2/day’,
+ /,5x,*bdif = *,0pfl0.4,’ dimensionless*,
+ /,5x,*hs_o * *,f10.4,* ln(vis)/CA*,
+ /,5x,*m_o = *,fl0.4,* ln(vis)*,
+ /,5x,*temp_o = ’,f10.1,* K*,
+ /,5x,*gamma = *,110.1,* K/CA’,
+ /,5x,’delta = *,fl0.1,’ K*,
+ /,5x,’beta = *,fl0.4,’ dimensionless',
+ /,5x,’s = ’,110.4,* CA/atm“beta*,/)
1450 formatC* *,4x,*vis_fail = *,lpel0.4,* P*,
+ /,5x,*ca_fail = *,0pfl0.4,* CA*,
+ /,5x,’ca_o = *,f10 4,* CA’,
+ /,5x,*ca_dif = »,110.4,* CA’,
+ /,5x,*rate = *,lpel0.4,* CA/day*,
+ /,5x,*time_fail = *,0pfl0.1,’ days*,/)
1475 formate* *,4x,’No Diffusion Resistance’,
+ /,5x,* asphalt =’,a8,
+ /,5x,’temp =*,fl0.1,* K’,
+ /,5x,*time_fail =*,fl0.2,* years*,/)
1500 formate* *,4x,*temp = *,fl0.1,* K’,
+ /,5x,*hs = »,110.4,» lnevis)/CA*,
+ /,5x,*m = *,fl0.4,* lnevis)*,
+ /,5x,*diff_i = *,lpel0.4,* m~2/day*,
+ /,5x,’fact_i = *,lpel0.4,’ 1/day*,/)
1575 formate* *,4x,’With Diffusion Resistance',
+ /,5x,* asphalt = *,a8,
+ /,5x,’temp =*,fl0.1,* K*,
+ /,5x,*time_fail =’,fl0.2,* years',/)
1600 formate* *,4x,’asphalt = *,a8,
+ /,5x,*temp = *,fl0.1,’ K’,
+ /,5x,*p_es = *,fl0.4,* atm*,
+ /,5x,*diff_i = *,lpel0.4,’ m‘2/day',/)
c
stop
end
c
c****************************************************************************
c
subroutine propinit eiength, t, diff_i, ca_i, temp)
c
real*4 length, m, p_es, fact_i, t, temp
real*4 kp, conv, alpha, hs, adif, bdif, s, beta
real*4 p_i, ca_i, eta_i, diff_i, delxsq
common /tempdep/ kp, conv, hs, m
common /constants/ alpha, adif, bdif, s, beta
common /blocki/ p_es, delxsq, fact_i
c
call tempeal et, temp)
p_i = (p_es)*0.5
ca_i = s*(p_i**beta)
eta_i = exp(hs*ca_i + m)
diff_i = adif*(eta_i**bdif)
return
end
c
c****************************************************************************
c
subroutine kevin (n, y, n2pl, z, ca_dif, iflag, p_es,
+ timejmax)
c
integer n, n2, ido, istep, iflag, nflag, n2pl
real*4 t, y(n), z(n2pl), param(50), tend
real*4 tol, ca_dif, time_max
common /blockc/ tol
c
external sset, ivprk, equationl, equation2
call sset(50, 0.0, param, 1)
param(4) = 20000
timei =1.0
c
do 100 j = 1, n, 1
y(j) = 0.0
100 continue
ido = 1
istep =0
nflag = 0
c
10 continue
istep = istep+1
tend = float(istep)
call ivprk(ido, n, equationl, t, tend, tol, param, y)
call output(y, n, t, iflag, timei, nflag)
if(nflag.eq.0) then
goto 10
endif
ido = 3
tend = float(istep)
call ivprk(ido, n, equationl, t, tend, tol, param, y)
ido = 1
istep =1
nflag = 0
t * 1.0
call tempcal (t, temp)
call carbonyl(p_es, t, ca_es)
do 200 j = 1, n, 1
z(j) = y(j)
z(n+j) = ca_es
200 continue
z(n2pl) = ca_es
ccall trap(z, n2pl, n, ca_avg)
call output2(z, n2pl, t, temp, ca_avg)
20 continue
if(t.It.10.0) then
istep = istep+1
goto 3000
endif
istep = istep +20
3000 continue
tend = float(istep)
call ivprk(ido, n2pl, equation2, t, tend, tol, param, z)
call trap(z, n2pl, n, ca_avg)
call tempcal(t, temp)
c
if(t.ge.time_max)then
nflag = 1
endif
call output2 (z, n2pl, t, temp, ca_avg)
if (nflag.eq.0) then
goto 20
endif
ido = 3
tend = float(istep)
call ivprk(ido, n2pl, equation2, t, tend, tol, param, z)
return
end
c
c*****************************************************************************
c
subroutine equationl (n, t, y, yprime)
c
integer n, nml, j, jpl, jml
real*4 t, y(n), yprime(n), term2, yima, p_es0
real*4 p_es, delxsq, car, p, ocr, fact_i
common /blocki/ p_es, delxsq, fact_i
c
call tempcal (t, temp)
do 20 j = 1, n, 1
if(y(j).It.0.0) then
y(j) = 0.0
endif
20 continue
yima = y(2)
c
c Calculate the 0 flux boundary condition
c
P = yd)
call rates(p, ocr, car)
term2 = (fact_i)*(y(2) - 2.0*y(l) + yima)
cc
yprime(l) = term2 - ocr
Calculate the derivatives at all of the interior nodes
nml =n - 1
do 30 j = 2, nml, 1
jpl = j + 1
jml = j - 1
p = y(j)
call ratesCp, ocr, car)
term2 = (fact_i)*(y(jpl) - 2.0*y(j) + y(jml))
yprimeCj) = term2 - ocr
30 continue
c Calculate the known pressure at the free surface
c
if(t.eq.O.O) then
p_es0 =(p_es-y(l))/2.0
p = y(n)
call ratesCp, ocr, car)
term2 = (fact_i)*(p_esO - 2.0*y(n) + y(nml))
yprime(n) = term2 - ocr
goto 100
endif
p = y(n)
call ratesCp, ocr, car)
term2 = (fact_i)*(p_es - 2.0*y(n) + y(nml))
yprime(n) = term2 - ocr
c
100 continue
return
end
c
c****************************************************************************
c
subroutine equation2 (n2pl, t, z, zprime)
c
integer n, nml, n2pl, j, jpl, jml
real*4 t, z(n2pl), zprime(n2pl), term2, yima
real*4 delx, delxsq, terml, ca, diff, diffp, p, car
real*4 p_es, fact_i
common /blocki/ p_es, delxsq, fact_i
c
call tempcal (t, temp)
n = (n2pl-l)/2
do 20 j = 1, n, 1
if(z(j).It.0.0) then
z(j) = 0.0
endif
20 continue
zima = z(2)
603
c Calculate the 0 flux boundary condition
c
p = z(l)
ca = z(n+l)
call rates(p, ocr, car)
call diffusCp, ca, diff, diffp)
c
fact = (diff/delxsq)
term2 = fact*(z(2) - 2*z(l) + zima)
zprime(l) = term2 - ocr
zprime(n+l) = car
c
c Calculate the derivatives at all of the interior nodes
c
nml = n - 1
do 30 j = 2, nml, 1
jpl = j + 1
jml = j - 1
P = z(j)
ca = z(n+j)
call rates(p, ocr, car)
call diffus(p, ca, diff, diffp)
fact = (diff/delxsq)
terml = (diffp/(4.0*delxsq))*((z(jpl) - z(jml))**2)
term2 = fact*(z(jpl) - 2.0*z(j) + z(jml))
zprimeCj) = terml + term2 - ocr
zprime(n+j) = car
30 continue
c
c Calculate the known pressure at the free surface
c
call press (t, p_es, p_est)
p = z(n)
ca = z(n+n)
call ratesCp, ocr, car)
call diffusCp, ca, diff, diffp)
fact = (diff/delxsq)
terml = (diffp/(4.0*delxsq))*((p_est - z(nml))**2)
term2 = fact*(p_est - 2.0*z(n) + z(nml))
zprime(n) = terml + term2 - ocr
zprime(n+n) = car
call rates (p_est, ocr, car)
zprime(n2pl) = car
return
end
c
c*************************************************************★*♦************
c
subroutine diffus (p, ca, diff, diffp)
c
604
real*4 p, ca .
real*4 hs, m, adif, bdif, s, beta, alpha, kp, conv
common /tempdep/ kp, conv, hs, m
common /constants/ alpha, adif, bdif, s, beta
c
eta = exp(hs*ca+m)
diff = adif*(eta**bdif)
c
if(p.eq.O) then
cap =0.0
goto 100
endif
cap = alpha*ca/p
if(cap.gt.1.0) then
cap =1.0
goto 100
endif
c
100 continue
diffp = bdif*hs*diff*cap
return
end
c
c****************************************************************************
c
subroutine rates (p, ocr, car)
real*4 alpha, kp, conv, ocr, car, t
real*4 hs, m, adif, bdif, s, beta
common /tempdep/ kp, conv, hs, m
common /constants/ alpha, adif, bdif, s, beta
c
car = kp*(p**alpha)
ocr = conv*car
return
end
c
c****************************************************************************
c
subroutine carbonyl (p, t, ca_i)
c
real*4 p, t, ca_i
real*4 hs, m, adif, bdif, s, beta, alpha, kp, conv
common /tempdep/ kp, conv, hs, m
common /constants/ alpha, adif, bdif, s, beta
c
ca_i = t*kp*(p**alpha) + s*(p**beta)
return
end
c
C****************************************************************************
c
subroutine trap(z, n2pl, n, ca.avg)
c
integer n2, n, n2pl
real*4 z(n2pl), ca_es, ca_avg, length
common /blockt/ length, delx
c
sum = 0.0
do 10 j = n+2, 2*n, 1
sum = sum + z(j)
10 continue
area = (delx/2,0)*(z(n+l) + 2.0*sum + z(n2pl))
ca_avg = area/length
return
end
c
c****************************************************************************
c
subroutine output (y, n, t, iflag, timei, nflag)
c
integer n, ido, istep, iflag, nflag
integer inc, nn
real*4 t, y(n), tend, timei, tml
real*4 p_es, delxsq, fact_i
common /blocki/ p_es, delxsq, fact_i
common /blockd/ inc, nn
c
do 10 j = 1, n, 1
if(y(j).It.0.0) then
y(j) =0.0
endif
10 continue
c
if(iflag.eq.0) then
if(t.ge.timei) then
nflag = 1
endif
return
endif
tml = t - 1
if(tml.eq.0.0) then
return
endif
if(tml.ge.timei) then
nflag = 1
endif
c
2000 formats *,2x,f6.0.,' , '.SCfe-S,' , »),f6.3)
return
end
c
c****************************************************************************
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subroutine output2 (z, n2pl, t, temp, ca_avg)
c
integer n, nflag, inc, nn, n2pl
real*4 t, z(n2pl), tend, timemax
real*4 p_es, delxsq, fact_i, ca_avg
real*4 a, e_a, r2, c, rl, hs_o, m_o, gamma,
+ delta, temp_o
common /blocki/ p_es, delxsq, fact_i
common /blockd/ inc, nn
common /kev/ a, e_a, r2, c, rl, hs_o, m_o, gamma,
+ delta, temp_o
c
n = (n2pl - l)/2
call tempcal(t, temp)
c
do 10 j = 1, n, 1
if(z(j).lt.0.0) then
z(j) = 0.0
endif
10 continue
c
eta_avg = exp(hs_o*ca_avg + m_o)
write(9,2000) t, temp, (z(j), j=l,nn,inc), p_es
write(10,2000) t, temp, (z(j+n), j = l,nn,inc), z(n2pl)
write(11,2010) t, ca.avg, eta_avg
c
2000 format(' \2x,f6.0,' , \f6.0,’ , ',5(f6.3,’ , '),f6.3)
2010 format(J ’,2x,f6.0,' , ',f6.3,' , \lpel0.3)
return
end
c
C****************************************************************************
c
subroutine tempcal (t, temp)
c
real*4 t, temp, amp, temp_mean
real*4 a, e,a, r2, c, rl, hs_o, m_o, gamma, delta
real*4 temp.o, kp, conv, hs, m
common /temper/ temp_mean, amp, omega
common /kev/ a, e_a, r2, c, rl, hs_o, m_o, gamma,
+ delta, temp_o
common /tempdep/ kp, conv, hs, m
c
temp = temp_mean + amp*cos(omega*t)
kp = a*exp(-e_a/(r2*temp))
conv = c*rl*temp
hs = hs_o + gamma*((1.0/temp) - (1.0/temp_o))
m = m_o + delta*((l.0/temp) - (1.0/temp_o))
return
end
c****************************************************************************
c
subroutine press (t, p_es, p_est)
c
real*4 t, p_es, p_est
common /pinel/ decay
c
p_est = p_es*exp(-decay*t)
return
end
APPENDIX G
SHORT-TERM AGING DATA
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Table G-l. Short-Term POV Aging Data
for Lau et al(1992) Ampet AC-20a
T
K
t
days
CA k'to
kP
(1 / J")c x 10-3
dyne / cm2
% Ad
RTFO - 0.581 6.75 59.9 22.84
322.2 1 0.590 4.07 12.5 21.04
2 0.553 5.06 42.4 20.58
3 0.558 5.40 44.8 21.43
4 0.556 5.90 53.0 21.40
5 0.529 6.30 54.6 21.61
333.3 1 0.537 5.62 49.8 20.22
2 0.576 7.13 62.4 21.02
3 0.680 8.50 71.7 23.44
4 0.962 9.70 8-1.0 24.71
5 0.963 9.56 81.7 24.49
344.4 1 0.725 10.4 76.2 23.08
2 0.872 13.9 116.0 25.35
3 1.062 17.6 135.0 27.14
4 1.046 22.6 181.0 28.95
5 0.915 18.8 154.0 27.10
355.5 1 0.744 13.1 109.0 25.49
2 1.242 18.7 156.0 27.73
3 1.240 25.5 205.0 30.44
4 1.268 38.5 296.0 33.72
5 1.359 39.0 297.0 32.01
366.7 1 1.282 24.0 200.0 29.69
2 1.066 32.0 259.0 31.38
3 2.079 627.0 2670.0 41.70
4 2.680 17900.0 18200.0 53.82
5 1.798 142.0 903.0 38.43
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 I\
c Measured at 333.3 I\ and 10 rad/s
d Hexane
Table G-2. Short-Term POV Aging Data
for Lau et al.y (1992) Coastal AC-20a
T
I<
t
days
CA 71* b'lo
kP
(1 / J")c X 10-3
dyne / cm3
% Ai
RTFO - 0.665 8.80 73.1 27.90
322.2 1 0.604 4.58 41.5 26.42
2 0.570 5.30 47.2 27.30
3 0.610 6.30 55.6 27.52
4 0.680 6.75 59.7 28.12
5 0.641 7.20 62.6 29.36
333.3 1 0.545 5.95 52.6 28.28
2 0.586 8.55 72.8 29.83
3 0.677 11.2 83.6 30.17
4 0.686 12.8 102.0 30.94
5 0.703 12.9 99.7 31.21
344.4 1 0.826 13.7 105.0 30.79
2 0.816 21.8 160.0 32.90
3 0.932 30.3 213.0 34.34
4 0.987 40.0 268.0 33.48
5 0.886 34.0 236.0 34.39
355.5 1 0.889 23.4 171.0 32.86
2 0.938 30.0 212.0 35.70
3 1.075 60.0 383.0 37.38
4 1.180 96.5 529.0 37.15
5 1.220 120.0 612.0 39.88
366.7 1 1.127 71.5 420.0 39.84
2 1.368 110.0 544.0 39.32
3 2.374 39400.0 14740.0 50.75
4 3.553 34870000.0 58.07
5 2.282 7680.0 7350.0 47.67
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 K
c Measured at 333.3 I\ and 10 rad/s
^ Hexane
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Table G-3. Short-Term POV Aging Data
for Lau et al., (1992) Cosden AC-20a
T
K
t
days
CA n* k'lo
kP
(1 / J")c X 10-3
dyne / cm3
% /4d
RTFO - 0.637 7.00 64.3 22.16
322.2 1 0.484 4.15 40.2 22.34
2 0.682 5.80 54.0 22.91
3 0.710 7.05 61.1 24.68
4 0.565 8.30 74.8 24.36
5 0.583 7.37' 68.6 24.16
333.3 1 0.651 6.77 64.4 24.27
2 0.723 8.70 80.6 25.54
3 0.817 14.4 122.0 27.36
4 0.826 13.6 122.0 26.70
5 0.834 14.2 116.0 26.05
344.4 1 0.921 12.4 110.0 27.32
2 1.040 28.0 227.0 29.15
3 1.165 36.1 286.0 30.88
4 1.430 51.9 390.0 30.64
5 1.242 36.5 284.0 29.74
355.5 1 1.059 26.8 219.0 28.98
2 1.193 40.4 312.0 30.72
3 1.518 75.0 521.0 32.46
4 1.568 121.0 788.0 35.49
5 1.705 166.0 973.0 34.67
366.7 1 1.438 79.4 543.0 32.88
2 1.659 130.0 774.0 34.28
3 2.353 3260.0 6320.0 37.14
4 2.675 34000.0 21100.0 56.53
5 2.342 2700.0 6080.0 48.45
a POV aged at 20 atm.
- Signifies the values were not determined
k Measured at 333.3 I\
c Measured at 333.3 K and 10 rad/s
^ Hexane
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Table G-4. Short-Term POV Aging Data
for Lau et a/., (1992) Exxon AC-20a
T
K
t
days
CA b•lo
kp
(1 / J")c X 10-3
dyne / cm^
% Ad
RTFO - 0.523 6.48 62.2 17.44
322.2 1 0.469 4.43 42.8 17.87
2 0.411 5.24 50.2 17.28
3 0.502 6.32 55.7 18.24
4 0.541 6.90 64.6 24.70
5 0.529 7.20 68.9 17.50
333.3 1 0.649 5.50 53.6 16.59
2 0.688 8.19 78.1 17.96
3 0.766 10.1 96.7 18.87
4 0.778 11.8 107.0 19.20
5 0.865 12.3 111.0 19.48
344.4 1 0.799 11,1 104.0 19.39
2 0.933 17.4 154.0 20.85
3 1.005 22.0 193.0 22.57
4 1.190 25.0 216.0 22.59
5 1.235 25.4 220.0 22.59
355.5 1 0.989 18.3 161.0 20.89
2 1.044 23.0 206.0 23.14
3 1.268 43.5 310.0 24.74
4 1.441 56.5 428.0 25.95
5 1.713 59.5 566.0 27.74
366.7 1 1.233 36.8 308.0 25.29
2 1.707 57.0 442.0 21.97
3 1.972 346.0 1790.0 34.31
4 2.331 2040.0 5070.0 37.67
5 1.965 55100.0 2110.0 34.38
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 I\
c Measured at 333.3 I\ and 10 rad/s
^ Hexane
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Table G-5. Short-Term POV Aging Data
for Lau et a/., (1992) Texaco AC-20a
T
I<
t
days
CA
kP
(l / J"f x io-3
dyne / cm3
% Aa
RTFO - 0.595 7.63 63.3 23.39
322.2 1 0.546 3.87 35.0 22.44
2 0.500 5.13 43.3 23.06
3 0.553 5.60 47.4 20.51
4 0.525 6.20 52.3 23.18
5 0.554 6.51 54.9 23.72
333.3 1 0.547 5.29 46.1 21.64
2 0.601 7.50 63.4 24.58
3 0.594 9.05 72.8 24.57
4 0.604 10.9 81.3 21.37
5 0.642 11.4 84.4 25.50
344.4 1 0.634 9.64 78.5 24.81
2 0.753 17.5 129.0 27.71
3 0.843 23.6 160.0 27.43
4 0.984 29.0 194.0 28.54
5 1.142 30.6 193.0 26.08
355.5 1 0.686 17.0 124.0 27.05
2 0.937 23.0 164.0 28.68
3 0.978 43.5 267.0 30.10
4 1.062 56.5 323.0 31.26
5 1.127 59.5 321.0 32.04
366.7 1 1.324 48.5 310.0 29.89
2 1.284 109.0 509.0 32.14
3 1.929 2760.0 3440.0 44.57
4 2.426 50100.0 11430.0 52.10
5 2.176 5260.0 4790.0 46.10
a POV aged at 20 atm.
- Signifies the values were not determined
k Measured at 333.3 K
c Measured'at 333.3 I\ and 10 rad/s
^ Hexane
Table G-6. Short-Term POV Aging Data
for Jemison et al., (1992b) Coastal AC-20a
T
K
t
days
CA Vmob
kP
{1 / J")c x 10-3
dyne / cm^
322.2 1 0.543 5.20 43.0
2 . 0.622 7.10 59.3
3 0.606 8.50 68.2
4 0.681 9.50 72.0
5 0.670 11.0 82.9
333.3 1 0.568 7.18 57.3
2 0.603 13.6 94.8
3 0.685 18.2 122.0
4 0.632 21.0 137.0
5 0.710 25.6 158.0
344.4 1 0.651 18.0 116.0
2 0.811 48.0 248.0
3 0.900 60.0 296.0
4 0.956 81.1 371.0
5 0.931 84.0 380.0
355.5 1 0.918 55.0 271.0
2 1.020 77.0 367.0
3 1.131 165.0 629.0
4 1.166 197.0 697.0
5 1.277 260.0 808.0
366.7 1 1.098 64.0 656.0
2 1.343 1020.0 1520.0
3 1.851 37100.0 8870.0
4 2.329 - 20300.0
5 2.395 814000.0 21400.0
a POV aged at 20 atm.
- Signifies the values were not determined
k Measured at 333.3 I\
c Measured at 333.3 I\ and 10 rad/s
Table G-7. Short-Term POV Aging Data
for Jemison et al., (1992b) Fina AC-20a
T
K
t
days
CA Vob
kP
(1 j J"Y X 10-3
dyne / cm3
322.2 1 0.627 5.44 52.0
2 0.693 7.80 74.6
3 0.789 9.35 84.3
4 0.691 10.7 92.9
5 0.684 11.5 102.0
333.3 1 0.665 7.15 68.6
2 0.791 13.7 124.0
3 0.907 18.5 163.0
4 0.845 21.5 188.0
5 0.873 24.4 209.0
344.4 1 0.766 15.2 136.0
2 1.138 36.8 317.0
3 1.275 48.7 401.0
4 1.136 63.4 516.0
5 1.479 70.0 557.0
355.5 1 1.151 43.0 359.0
2 1.310 71.0 555.0
3 1.448 121.0 874.0
4 1.526 133.0 860.0
5 1.786 210.0 1380.0
366.7 1 1.672 164.0 1110.0
2 1.981 377.0 1950.0
3 2.412 3410.0 8300.0
4 2.640 4600.0 13700.0
5 2.805 13700.0 18100.0
a POV aged at 20 atm.
- Signifies the values were not determined
k Measured at 333.3 K
c Measured at 333.3 I\ and 10 rad/s
Table G-8. Short-Term POV Aging Data
for Jemison et al., (1992b) Texaco AC-20a
T
I<
t
days
CA 7)* kHo
kp
(1/ J")c X 10-3
dyne / cm3
322.2 1 0.519 4.93 71.2
2 0.542 6.22 53.8
3 0.556 6.34 59.7
4 0.533 8.13 65.4
5 0.552 8.72 42.7
333.3 1 0.489 5.75 50.7
2 0.556 10.1 106.0
3 0.590 11.9 91.2
4 0.663 13.5 84.4
5 0.625 15.4 119.0
344.4 1 0.569 9.96 82.5
2 0.876 22.9 155.0
3 0.933 29.4 199.0
4 0.953 37.0 243.0
5 1,036 43.5 273.0
355.5 1 0.732 28.0 189.0
2 0.911 36.2 240.0
3 1.071 67.0 407.0
4 1.157 78.0 463.0
5 1.127 74.0 451.0
366.7 r 1.139 120.0 550.0
2 1.354 308.0 970.0
3 1.923 3490.0 4200.0
4 2.555 - 9940.0
5 2.464 81000.0 19300.0
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 K
c Measured at 333.3 K and 10 rad/s
Table G-9. Short-Term POV Aging
Data for Davison et a/., (1989)
Dickens Diamond Shamrock AC-20a
T
K
t
days
CA n'ob
kP
(i / j"Y x io-3
dyne / cm3
RTFO - - 9.70 75.8
322.2 1 0.500 4.50 40.4
2 0.501 5.90 51.1
3 0.604 6.76 59.0
4 0.612 7.70 64.8
5 0.692 8.39 69.4
333.3 1 0.601 5.86 51.2
2 0.692 9.44 74.1
3 0.845 11.9 93.4
4 0.868 10.9 99.0
5 0.838 14.5 111.0
344.4 1 0.817 11.0 86.4
2 0.941 20.7 143.0
3 1.096 24.1 162.0
4 1.159 33.5 209.0
5 1.331 32.9 204.0
355.5 1 1.053 23.6 154.0
2 1.014 29.0 186.0
3 1.240 42.3 252.0
4 1.342 58.0 321.0
5 1.345 - 376.0
366.7 1 . 1.460 66.0 326.0
2 1.542 136.0 -
3 1.717 448.0 -
4 2.027 840.0 -
5 1.930 948.0
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 I\
c Measured at 333.3 I\ and 10 rad/s
618
Table G-10. Short-Term POV Aging
Data for SHRP (1990) AAA-13
T
K
t
days
CA 71* ^•to
kP
(1 / J")c X 10-3
dyne / cm3
% Ad
322.2 1 0.534 1.32 12.7 21.82
2 0.593 1.66 15.9 21.75
3 0.641 1.86 17.8 22.33
4 0.577 1.99 19.0 22.61
5 0.644 2.10 19.9 23.13
333.3 1 0.536 1.46 14.3 22.47
2 0.655 2.40 22.7 23.43
3 0.676 2.64 24.4 23.92
4 0.658 2.50 23.0 24.54
5 0.698 3.70 30.8 25.18
344.4 1 0.670 2.33 21.6 23.33
2 0.816 6.46 54.4 28.69
3 0.884 9.35 72.9 29.20
4 0.962 8.99 69.4 29.76
5 0.954 14.1 102.0 30.84
355.5 1 0.693 4.05 70.8 23.33
2 0.874 10.8 72.3 28.69
3 1.098 30.0 189.0 29.20
4 1.274 64.0 348.0 29.76
5 1.111 27.5 161.0 30.84
366.7 1 1.329 74.0 385.0 34.42
2 1.809 598.0 1324.0 39.92
3 2.361 31100 16300.0 45.72
4 2.936 - 21080.0 50.40
5 3.394 55320.0 50.72
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 K
c Measured at 333.3 K and 10 rad/s
^ Hexane
Table G-ll. Short-Term POV Aging
Data for SHRP (1990) AAC-1*
T
K
t
days
CA Voh
kP
(1 / J")c X 10-3
dyne / cm3
322.2 1 0.487 1.57 15.5
2 0.586 2.16 21.1
3 0.624 2.50 24.6
4 0.674 2.83 27.5
5 0.699 3.17 30.5
333.3 1 0.535 1.77 17.5
2 0.730 3.25 31.3
3 0.796 3.95 36.9
4 0.833 4.30 40.3
5 0.891 5.05 46.5
344.4 1 0.704 2.80 26.9
2 1.081 6.95 61.9
*
3 1.161 8.85 74.6
4 1.114 11.0 91.8
5 1.227 13.3 106.0
355.5 1 1.114 9.56 81.5
2 1.081 9.40 70.7
3 1.304 16.1 127.0
4 1.428 29.3 205.0
5 1.416 21.3 162.0
366.7 1 1.462 29.0 211.0
2 1.694 66.3 360.0
3 1.917 188.0 736.0
4 2.051 475.0 1390.0
5 2.186 857.0 2050.0
a POV aged at 20 atm.
- Signifies the values were not determined
k Measured at 333.3 K
c Measured at 333.3 I\ and 10 rad/s
Table G-12. Short-Term POV Aging
Data for SHRP (1990) AAD-la
T
I<
t
days
CA Ho
kP
(i / J"Y x io-3
dyne / cm^
322.2 1 0.754 1.91 17.6
*2 0.804 2.63 23.7
3 0:843 2.97 25.4
4 0.909 3.26 28.8
5 0.918 3.53 30.6
333.3 1 0.853 2.20 20.4
2 0.951 4.50 39.0
3 1.008 5.25 44.4
4 0.968 6.17 42.8
5 1.053 7.00 51.4
344.4 1 0.929 3.25 28.1
2 1.245 11.8 81.7
3 1.249 17.0 105.0
4 1.425 22.5 148.0
5 1.480 30.0 171.0
355.5 1 1.070 19.0 121.0
2 1.321 24.0 158.0
3 1.666 63.5 351.0
4 1.723 105.0 555.0
5 1.628 68.8 361.0
366.7 1 1.823 240.0 871.0
2 2.358 2700.0 4030.0
3 3.384 12900.0 31100.0
4 3.957 429000 66400.0
5 5.393 -
a POV aged at 20 atm.
- Signifies the values were not determined
k Measured at 333.3 I\
c Measured at 333.3 I\ and 10 rad/s
621
Table G-13. Short-Term POV Aging
Data for SHRP (1990) AAG-la
T
K
t
days
CA Vob
kP
(1 / J")c X 10-3
dyne / cm3
% Ad
322.2 1 0.838 3.56 35.0 10.99
2 0.932 5.64 56.1 11.83
3 1.017 6.35 62.6 12.06
4 1.106 7.17 72.4 12.61
5 1.162 8.02 80.1 12.97
333.3 1 0.738 3.75 37.7 11.33
2 1.298 7.00 70.4 12.99
3 1.516 8.00 77.9 13.68
4 1.569 9.10 90.2 14.15
5 1.694 10.2 102.0 14.74
344.4 1 1.023 5.07 49.6 11.84
2 2.140 11.4 111.0 15.49
3 2.216 13.2 130.0 16.22
4 2.276 14.8 141.0 17.68
5 . 2.404 16.5 159.0 17.73
355.5 1 2.001 12.6 120.0 15.80
2 2.122 13.2 129.0 16.14
3 2.384 18.5 180.0 18.34
4 2.772 24.5 233.0 20.10
5 2.534 24.0 226.0 19.87
366.7 1 2.687 20.2 198.0 20.07
2 3.012 32.0 296.0 22.43
3 3.099 46.0 406.0 25.26
4 3.440 73.0 621.0 27.08
5 3.675 96.0 787.0 29.15
a POV aged at 20 atm.
- Signifies the values were not determined
k Measured at 333.3 I\
c Measured at 333.3 I\ arid 10 rad/s
^ Hexane
Table G-14. Short-Term POV Aging
Data for SHRP (1990) AAK-2a
T
K
t
days
CA ji* b'10
kP
(1/ J")c X 10-3
dyne / cm3
322.2 1 0.710 1.80 16.4
2 0.719 2.28 20.3
3 0.7S4 2.48 21.8
4 0.823 2.71 23.6
5 0.751 2.89 25.0
333.3 1 0.778 1.84 17.1
2 0.847 3.20 28.2
3 0.861 3.62 31.4
4 0.873 4.20 35.1
5 0.906 4.43 37.9
344.4 1 0.732 2.30 20.6
2 0.996 6.90 54.2
3 1.040 8.80 67.0
4 1.117 10.6 79.2
5 1.20S 12.7 91.5
355.5 1 1.051 9.75 72.1
2 1.098 13.0 -
3 1.460 29.0 -
4 1.619 64.1 -
5 1.469 24.5 -
366.7 1 1.823 88.0 425.0
2 4.025 32500.0 15800.0
3 5.676
4 6.924 - -
5 8.671 - —
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 I\
c Measured at 333.3 I\ and 10 rad/s
Table G-15. Short-Term POV Aging
Data for SHRP (1990) AAM-la
T
K
t
days
CA riob
kP
(1 / J")c x 10-3
dyne / cm3
322.2 1 0.496 3.99 36.0
2 0.510 6.18 52.7
3 0.605 7.33 62.7
4 0.694 8.55 69.5
5 0.535 9.30 76.3
333.3 1 0.520 4.75 42.7
2 0.719 11.2 88.5
3 0.763 14.0 105.0
4 0.854 16.9 118.0
5 0.840 20.2 142.0
344.4 1 0.556 6.45 55.6
2 1.001 27.5 176.0
3 1.070 39.4 228.0
4 1.123 50.0 273.0
5 1.348 51.0 290.0
355.5 1 1.025 38.0 223.0
2 1.195 50.4 271.0
3 1.309 86.0 406.0
4 1.370 80.0 387.0
5 1.442 90.0 467.0
366.7 1 1.557 125.0 498.0
2 1.780 417.0 1000.0
3 1.931 828.0 1460.0
4 2.127 1770.0 2260.0
5 2.436 12400.0 6040.0
a POV aged at 20 atm.
- Signifies the values were not determined
b Measured at 333.3 I\
c Measured at 333.3 I\ and 10 rad/s
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